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SECTION |
INTRODUCTION

High performance aerospace systems are dependent on materials that are
lighter, have improved mechanical properties, and/or offer a cost savings.
Aluminum alloys that met these criteria were the newly developed aluminum-
lithium alloys and the second generation powder metallurgy alloys.

in 1985, the Air Force along with the aerospace community found it important
to investigate the potential of these promising aluminum alloys. A cooperative
program was formed by the Wright Laboratory Materials Directorate, Systems
Support Division and a number of aerospace industries. The Air Force would
obtain the test material from the producers, compile the test data, and submit
reports to the participants. The participants agreed to support the program by
performing mechanical property tests which includes tension, compression,
bearing, shear, fracture toughness, and fatigue related properties (S/N, da/dn).
The Air Force elected to perform spectrum fatigue crack growth testing on most
alloys. A list of participants is shown in the following table.

This interim report contains the aluminum-Ilithium alloys produced by Inco
Alloys International (Inco MAP); IN90SXL jack fitting precision forging and
AL905XL back up fitting precision forging. These two alloys are actually the
same alloy but were produced in d. . °nt years and production plants. The
IN9OSXL forgings were produced in a pilot plant under developmental
conditions of manufacturer in 1986. Significant variability in properties can be
expected under such conditions.

In 1989, Inco Alloys International constructed a production facility to
make the ALS05XL and other mechanically alloyed aluminum alloys.
Production practices through all stages of alloy manufacture were changed to
yield greatly improved reproducibility. Comparisons to other materials, and
ranking of materials is generally avoided since each potential application may
be biased on different evaluation criteria.
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SECTION I
MATERIALS AND TESTS

The aluminum-lithium alloys tested were IN905XL forging (Figure G1)
and AL905XL (Figure H1) which are a mechanically alloyed material exhibiting
medium strength.

Basic mechanical tests were performed by the participants along with
fatigue, fatigue crack growth, spectrum fatigue, and stress corrosion tests.
ASTM standards were used for testing when applicable.




SECTION I
PRESENTATION

The purpose of this effort was to generate mechanical property data on
newly developed aluminum alloys.

Each participant compiled a data package which contained the data they
generated. Some of these data packages contain discussions, and in other
cases, only the data were provided. The tensile, compression, bearing, shear,
and fracture toughness data from each package were put in tabular form.
Fatigue, fatigue crack growth, and spectrum fatigue crack growth data were
placed in tabular and graphical form. Corrosion results were prepared in
tabu'ar form.

Constant amplitude fatigue crack growth tests were conducted according
to ASTM E647 Standard uniess otherwise specified. The A-N data supplied
were reduced using a seven-point incremental polynomial method. This
involves fitting a second-order polynomial (parabola) to sets of seven
successive data points. K controlled methods were used by Northrop and
General Dynamics. McDonnell Aircraft Company (MCAIR) used a WOL
specimen geometry and therefore the seven-point incremental polynomial
method was not used to generate the da/dn vs delta K data. The spectrums
used were FALSTAFF and Mini-TWIST. Corrosion results were documented
exactly as they were received from the participants.




SECTION IV
RESULTS AND DISCUSSION

This report contains the aluminum-lithium material produced by Inco
Alloys International (IncoMAP). The appendix contains the results for a specific
alloy and product form. The following table lists the form and aluminum-lithium
alloy in the appendix.

Table
Contents of Appendix

Form Aluminum-Lithium Alloy Appendix

Forging IN9O5XL G
Forging AL905XL H




SECTION V
CONCLUSIONS

Ten aerospace laboratories participated in generating data on the
IN9OSXL forging and AL905XL forging for the cooperative test program. These
data combined with future interim reports on the Air Force/Industry Cooperative
Test Program on Advanced Aluminum Alloys will provide an extensive data
base on aluminum-lithium alloys.




APPENDIX G
INSOSXL PRECISION FORGING

INTRODUCTION

The IN905XL forging was received the first quarter of 1987 and all the
participants except General Dynamics TX tested the material in the as-received
condition. General Dynamics TX exposed the forging to a two-step solution
treatment and aging. Figure G1 shows the geometry of the INSOSXL jack fitting
precision forging.

IESTING

Basic mechanical propenrties (tension, compiession, bearing, etc) were
tested according to ASTM standards, unless otherwise specified.

Constant amplitude fatigue crack growth tests were conducted according
to ASTM E647 standard. Northorp Corporation and General Dynamics
pertormed constant ariplitude fatigue crack growth test using K controlled
methods. McDonnell Aircraft Company (MCAIR) used a WOL specimen
geometry.

A mini-TWIST (moderately intense fatigue environment) spectrum test
was performed by the Air Force.
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TABLE G1

TENSILE RESULTS FOR

IN90SXL FORGING

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E  COMMENT
TEMP ATION STRENGTH STRENGTH (%) (%) (MSI)
(DEGREES F) (KSI) (KSI)
AIR FORCE RT LONG 66.6 52.0 11.5 23.0 (1)
65.9 50.6 11.9 21.0 (1)
66.1 2.0 11.8 25.0 (1)
64.3 51.6 13.6 27.6 (2)
63.7 48.7 10.4 12.4 (2)
62.7 49.5 11.0 19.4 (2)
67.7 56.0 13.0 30.3 (1)
68.0 56.1 13.0 25.3 (1)
68.3 57.7 13.0 28.0 (1)
MCAIR RT LONG 75.0 65.0 9.0 18.2 11.6 (1)
75.5 64.5 8.0 15.6 11.9 (1)
74.5 62.0 9.0 20.3 12.4 (1)
LTV RT LONG 68.0 51.5 13.0 21.6 10.8 (1)
67.9 54.8 12.0 17.4 10.8 (1)
64.7 50.2 11.0 9.2 10.8 (1)
NORTHROP RT LONG 67.4 55.4 10.0 11.6 (1)
55.7 12.1 (1)
67.0 55.3 12.0 12.2 (1)
64.3 53.9 12.0 11.5  (2)
65.0 53.3 11.0 11.9  (2)
64.7 51.7 12.0 11.3  (2)
MARTIN RT LONG 75.1 62.2 12.0 13.9 11.4
MARIETTA 75.9 63.8 10.0 14.7 11.4
78.1 64.9 10.0 13.2 11.6
SIKORSKY RT LONG 67.5 57.7 7.5 12.4 (1)
67.8 5.9 14.0 12.2 (1)
68.0 55.3 13.0 12.6 (1)
67.8 54.7 13.0 12.1 (1)
68.9 57.0 13.0 12.7 (1
68.5 56.1 14.0 12.0 (1)
NASA RT LONG 67.0 57.3 7.0 11.5
LANGLEY 67.9 57.8 9.0 11.4
67.6 58.1 7.0 11.5
AVERAGE 68.4 56.0 11.2 19.8 11.7
STANDARD DEVIATION 3.9 4.5 2.0 6.0 0.5

(1): THIN SECTION (WEB/FLANGE SECTION)
(2): THICK SECTION (END SECTION)




TABLE G2

TENSILE RESULTS FOR

INSOSXL FORGING

ELONG
(%)

PR

[y
M O WK W JWO
QOO WHFEWOOW

[

.

w v w
(ool e

12.0

RA
(%)

[
N o O

14.3

E
(MST)

12.4
12.6
11.5

11.2
11.5
11.2

11.6
11.5
11.6
11.9
11.7
11.9

11.3
11.1
11.0

12.7
11.8
13.5
11.1

11.5
11.4
11.5

COMMENT

(1)

(2)

(1)
1)
(1)
(1)

COMPANY TEST ORIENT- ULTIMATE YIELD
TEMP ATION STRENGTH STRENGTH

(DEGREES F) (KSI) (KSI)

AIR FORCE RT L TRANS 66.9 54.1
67.2 53.9

67.8 54.7

64.9 51.2

64.4 50.4

64.4 49.7

64.8 50.9

64.1 50.1

63.5 49.5

MCAIR RT L TRANS 74.5 66.0
74.5 61.5

74.5 64.5

LTV RT L TRANS 66.8 55.2
67.0 54.7

67.4 55.2

NORTHROP RT L TRANS 66.3 54.9
65.8 54.3

66.6 54.9

64.8 51.4

65.0 52.5

65.3 52.9

MARTIN RT L TRANS 69.5 54.9
MARIETTA 69.8 54.8
69.3 54.6

SIKORSKY RT L TRANS 68.1 56.7
67.9 56.8

69.0 57.8

68.7 58.1

NASA RT L TRANS 67.9 58.1
LANGLEY 67.8 58.4
68.0 58. 4

AVERAGE 67.5 55.2

STANDARD DEVIATION 2.9 4.0

(1):
(2):

THIN SECTION (WEB/FLANGE SECTION)
THICK SECTION (END SECTION)
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TABLE G3

TENSILE RESULTS FOR

INSOS5XL FORGING

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E  COMMENT
TEMP ATION STRENGTH STRENGTH (%) (%) (MSI)
(DEGREES F) (KSI) (KSI)
LTV RT S TRANS 64.7 50.8 8.0 7.7 11.2 (2)
67.3 54.8 12.0 28.4 10.9  (2)
63.2 50.8 8.0 10.3 11.2  (2)
NORTHROP RT S TRANS 64.1 52.6 6.5 11.4 (1)
64.3 52.2 8.0 12.1 (1)
64.7 51.5 8.0 11.9 (1)
MARTIN RT S TRANS 74.1 61.2 6.0 4.8 11.6
MARIETTA 75.5 62.0 6.0 4.0 11.3
72.6 60.8 4.0 4.8 11.2
STKORSKY RT S TRANS 67.7 54.8 9.0 11.6 (1)
65.3 50.8 5.0 12.8 (1)
NASA RT S TRANS 63.9 53.3 5.0 11.2
LANGLEY 63.1 53.7 5.0 11.4
63.8 53.6 5.0 11.3
AVERAGE 66.7 54.5 6.8 10.0 11.5
STANDARD DEVIATION 4.2 4.0 2.1 9.3 0.5

(1): THIN SECTION (WEB/FLANGE SECTION)
(2): THICK SECTION (END SECTION)
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TABLE G4

TENSILE RESULTS FOR

IN9O5XL FORGING

E COMMENT

E COMMENT

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA
TEMP ATION STRENGTH STRENGTH (%) (%)
(DEGREES F) (KSI) (KSI)
GENERAL RT LONG 69.7 57.6
DYNAMICS 67.1 59.2 9.7
AVERAGE 68.4 58.4 9.7
STANDARD DEVIATION 1.8 1.1
(*): THIN SECTION
NOTE: HEAT TREATED WITH THE FOLLOWING SCHEDULE:
STEP 1 - 850F FOR 2 HRS
STEP 2 - 665F FOR 2 HRS
STEP 3 - WARM WATER QUENCH
STEP 4 - 230F FOR 24 HRS
TABLE G5
TENSILE RESULTS FOR
IN9O5XL FORGING
COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA
TEMP ATION STRENGTH STRENGTH (%) (%)
(DEGREES F) (KSI) (KSI)
GENERAL RT L TRANS 71.2 58.7 8.6
DYNAMICS 67.9 56.6 9.7
AVERAGE 69.6 57.7 9.2
STANDARD DEVIATION 2.3 1.5 0.8
(*): THIN SECTION
NOTE: HEAT TREATED WITH THE FOLLOWING SCHEDULE:

STEP 1 - 850F FOR 2 HRS
STEP 2 - 665F FOR 2 HRS
STEP 3 - WARM WATER QUENCH
STEP 4 - 230F FOR 24 HRS
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TABLE G6

COMPRESSION RESULTS FOR

IN9OSXL FORGING

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS

(DEGREES F) (KST) (MSI)

MCAIR RT LONG 65.9 11.9
65.9 10.4

65.6 11.8

LTV RT LONG 59.1 11.9
53.3 12.1

60.5 12.0

NORTHROP RT LONG 56.6 11.7
57.1 12.2

57.4 12.0

MARTIN RT LONG 70.3 12.4
MARIETTA 70.9 12.3
71.0 12.3

SIKORSKY RT LONG 57.9 13.2
56.6 11.2

NASA RT LONG 60.7 11.7
LANGLEY 61.4 11.7
61.6 11.7

AVERAGE 61.9 11.9

STANDARD DEVIATION 5.5 0.6

NOTE: NORTHROP SPECIMENS TAKEN FROM WEB/FLANGE SECTION.
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TABLE G7

COMPRESSION RESULTS FOR

INSO5XL FORGING

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS

(DEGREES F) (KST) (MST)

MCAIR RT L TRANS 64.2 12.1
62.5 12.4

62.0 12.7

LTV RT L TRANS 57.3 11.5
58.9 12.3

56.5 12.2

NORTHROP RT L TRANS 56.2 11.9
56.0 11.8

56.0 11.9

MARTIN RT L TRANS 67.2 12.3
MARIETTA 67.2 12.2
67.3 12.3

STKORSKY RT L TRANS 56.2 12.5
55.5 11.8

55.4 12.4

NASA RT L TRANS 59.3 11.7
LANGLEY 59.2 11.6
59,2 11.7

AVERAGE 59.8 12.1

STANDARD DEVIATION 4.3 0.3

NOTE: NORTHROP SPECIMENS TAKEN FROM WEB/FLANGE SECTION.




TABLE G8

COMPRESSION RESULTS FOR

INSOS5XL FORGING

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE

TEMPERATURE YIELD STRENGTH MODULUS

(DEGREES F) (KST} (MSI)

LTV RT S TRANS 54.1 11.5

59.3 12.0

53.7 11.8

NORTHROP RT S TRANS 50.8 11.9

51.1 11.9

50.1 11.8

MARTIN RT S TRANS 57.1 12.2

MARIETTA 57.1 12.1

56.5 12.0

NASA RT S TRANS 56.5 11.6
LANGLEY

AVERAGE 54.6 11.9

STANDARD DEVIATION 3.2 0.2

NOTE: NORTHROP SPECIMENS TAKEN FROM WEB/FLANGE SECTION.
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TABLE G9

COMPRESSION RESULTS FOR

IN905XL FORGING

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DEGREES F) (KSI) (MST)
GENERAL RT LONG 58.0 11.4

DYNAMICS (*)

(*): HEAT TREATED TO THE FOLLOWING SCHEDULE:
STEP 1 - 850F FOR 2 HRS
STEP 2 - 665F FOR 2 HRS
STEP 3 - WARM WATER QUENCH
STEP 4 - 230F FOR 24 HRS

TABLE G10
COMPRESSION RESULTS FOR

IN90S5XL FORGING

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DEGREES F) (KSI) (MSI)
GENERAL RT L TRANS 59.3 11.7
DYNAMICS (*) 55.9 11.7
AVERAGE 57.6 11.7
STANDARD DEVIATION 2.4 0.0

(*): HEAT TREATED TO THE FOLLOWING SCHEDULE:

STEP 1 - 850F FOR 2 HRS

STEP 2 - 665F FOR 2 HRS
STEP 3 - WARM WATER QUENCH
STEP 4 - 230F FOR 24 HRS
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TABLE G1l1

IOSIPESCU SHEAR RESULTS FOR

IN905XL FORGING

COMPANY ORIENTATION SHEAR
STRENGTH
(KST)
LTV LONG 41.8
41.7
AVERAGE 41.8
STANDARD DEVIATION 0.1
TABLE G12

IOSIPESCU SHEAR RESULTS FOR
IN90O5XL FORGING
COMPANY ORIENTATION SHEAR

STRENGTH
(KST)

LTV L TRANS 40.4

AVERAGE 41.2

STANDARD DEVIATION 0.6

17




TABLE G13

AMSLER DOUBLE SHEAR RESULTS FOR

INSOSXL FORGING

COMPANY ORIENTATION

GENERAL DYNAMICS (*) L -8

AVERAGE

STANDARD DEVIATION

(*): HEAT TREATED TO THE FOLLOWING SCHEDULE:
STEP 1 - 850F FOR 2 HRS
STEP 2 ~ 665F FOR 2 HRS
STEP 3 - WARM WATER QUENCH
STEP 4 - 230F FOR 24 HRS

TABLE G14

AMSLER DOUBLE SHEAR RESULTS FOR

INSOSXL FORGING

COMPANY ORIENTATION
NORTHROP L -8
NASA-LANGLEY L -58

AVERAGE

STANDARD DEVIATION

18

SHEAR
STRENGTH

SHEAR
STRENGTH
(KSI)

41.0
40.9
40.7




TABLE G15

AMSLER DOUBLE SHEAR RESULTS FOR

IN905XL FORGING

COMPANY ORIENTATION SHEAR
STRENGTH
(KSI)
NASA-LANGLEY T -8 40.9
41.0
40.7
AVERAGE 40.9
STANDARD DEVIATION 0.2
TABLE G16

SLOTTED SHEAR RESULTS FOR

INSOSXL FORGING

COMPANY GRIENTATION SHEAR
STRENGTH

AVERAGE 41.3

STANDARD DEVIATION 3.3
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TABLE G17

BEARING RESULTS FOR

INSOSXL FORGING

COMPANY ORIENTATION e/D BEARING BEARING
ULT. STR. YIELD STR.

(KST) (KST)

LTV LONG 1.5 97.0 82.5
95.9 83.7

NORTHROP LONG 1.5 102.0 83.9
89.4 77.7

100.8 82.3

NASA-LANGLEY LONG 1.5 88.4 79.3
92.6 78.7

AVERAGE 97.0 82.0

STANDARD DEVIATION 5.0 2.5

NOTE: NORTHROP SPECIMENS TAKEN FROM WEB/FLANGE SECTION.

TABLE G18
BEARING RESULTS FOR

IN90S5XL FORGING

COMPANY ORIENTATION e/D BEARING BEARING
ULT. STR. YIELD STR.

(KSI) (KSI)

LTV L TRANS 1.5 118.0 91.5
115.0 97.9

NORTHROP L TRANS 1.5 85.3 77.3
98.1 82.3

86.7 77.2

AVERAGE 100.6 85.2

STANDARD DEVIATION 15.4 9.2

NOTE: NORTHROP SPECIMENS TAKEN FROM WEB/FLANGE SECTION.
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TABLE G19

BEARING RESUI.TS FOR

IN9OS5XL FORGING

COMPANY ORIENTATION e/D BEARING BEARING
ULT. STR. YIELD STR.
(KST) (KSI)
MCAIR LONG 2.0 125.0 104.0
125.0 107.0
124.0 102.0
LTV LONG 2.0 118.0 91.5
115.0 97.9
NORTHROP LONG 2.0 125.1 96.5
125.9 95.7
125.9 93.7
AVERAGE 123.0 98.5
STANDARD DEVIATION 4.1 5.3

TABLE G20

BEARING RESULTS FOR

IN90SXL FORGING

COMPANY ORIENTATION e/D BEARING BEARING
ULT. STR. YIELD STR.

(KS1I) (KSI)

GENERAL LONG 2.0 111.0 93.4
DYNAMICS (*) 113.3 92.9
AVERAGE 112.2 93.2

STANDARD DEVIATION 1.6 0.4

(*): HEAT TREATED TO THE FOLLOWING SCHEDULE:

STEP 1 - BS0OF FOR 2 HRS
STEP 2 - 665F FOR 2 HRS
STEP 3 - WARM WATER QUENCH
STEP 4 - 230F FOR 24 HRS




TABLE G21

BEARING RESULTS FOR

INSOSXL FORGING

COMPANY ORIENTATION e/D BEARING BEARING
ULT. STR. YIELD STR.
(KST) (KSI)
MCAIR L TRANS 2.0 105.0 101.0
123.0 103.0
122.0 103.0
LTV L TRANS 2.0 117.2 100.5
124.7 97.3
NORTHROP L TRANS 2.0 117.5 89.0
124.2 92.2
115.7 89.0
AVERAGE 118.7 96.9
STANDARD DEVIATION 6.5 6.0

TABLE G22

BEARING RESULTS FOR

IN9OSXL FORGING

COMPANY ORIENTATION e/D BEARING BEARING
ULT. STR. YIELD STR.
(KSI) (KSI)
GENERAL L TRANS 2.0 108.4 89.3
DYNAMICS (*) 107.9 90.4
AVERAGE 108.2 89.9
STANDARD DEVIATION 0.4 0.8
(*): HEAT TREATED TO THE FOLLOWING SCHEDULE:
STEP 1 - 850F FOR 2 HRS
STEP 2 - 665F FOR 2 HRS
STEP 3 - WARM WATER QUENCH
STEP 4 - 230F FOR 24 HRS




TABLE G23

FRACTURE TOUGHNESS RESULTS FOR

IN9QOS5XL FORGING

COMPANY ORIENTATION KIC Kgq COMMENT
(KSI in~0.5%) (KSI in~0.5)
MCAIR L-T 18.8 VALID
24.9 VALID
NORTHROP L-T 37.9 (1)
38.3 (1)
MARTIN L-T 27.7 (2)
MARIETTA
AVERAGE 21.9 34.6
STANDARD DEVIATION 4.3 6.0
(1): INVALID DUE TO Pmax/Pgq > 1.10
(2): INVALID DUE TO PRE-CRACK GROWTH > 0.55W

NOTE: NORTHROP SPECIMENS TAKEN FROM END SECTION.




TABLE G24

FRACTURE TOUGHNESS RESULTS FOR

IN90OSXL FORGING

COMPANY ORIENTATION KIC Kq COMMENT
(KSI in~0.5) (KSI in~0.5)
MCAIR T-L 23.5 VALID
21.0 VALID
LTV T-L 33.9 (1)
35.4 (1)
31.5 (1)
33.4 (1)
NORTHROP T-L 34.4 (1)
33.4 (1)
MARTIN T-L 22.8 (2)
MARIETTA 21.7 (2)
" 'LRACE 22.3 30.8
STANDA » DEVIATION 1.7 5.4
(1): INVALTD DUE TO Pmax/Pqg > 1.10

(2): INVALID DUE TO PRE-CRACK GROWTH > 0.55W

NOTE: NORTHROP SPECIMENS TAKEN FROM END SECTION.




TABLE G25

FRACTURE TOUGHNESS RESULTS FOR

IN90SXL FORGING

COMPANY ORIENTATION KIC Kq COMMENT
(KSI in~0.5) (KSI in~0.5)
LTV T-S 34.1 (1)
33.3 (1)
AVERAGE 33.7
STANDARD DEVIATION 0.6
(1): INVALID DUE TO Pmax/Pqg > 1.10




TABLE G726
FRACTURE TOUGHNESS RESULTS FOR
IN905XL FORGING
COMPANY ORIENTATION KIC Kgq COMMENT
(KSI in~0.5) (KSI in~0.5)

MCAIR S~T 17.8 VALID
19.3 VALID

MARTIN s-T 15.6

MARIETTA 16.3
15.0 (1)

AVERAGE 17.2 15.0
STANDARD DEVIATION 1.6
(1): INVALID DUE TO PRE-CRACK GROWTH > 0.55W
TABLE G27

FRACTURE TOUGHNESS RESULTS FOR

INSOSXL FORGING

COMPANY ORIENTATION KIC Kg COMMENT
(KSI in~0.5) (KSI in~0.5)})
MARTIN S-L 19.5 VALID
MARIETTA 19.1 (1)
23.8 (2)
AVERAGE 19.5 21.5
STANDARD DEVIATION 3.3
{(1l): INVALID DUE TO ASSYMETRIC CRACK GROWTH
(2): INVALID DUE TO PRE-CRACK GROWTH > 0.55W




TABLE G28

FRACTURE TOUGHNESS RESULTS FOR

IN9OSXL FORGING

COMPANY ORIENTATION KIC Kgq COMMENT
(KSI in~0.5) (KSI in~0.5)

GENERAL L-T 32.4 (1),(2)
DYNAMICS 35.1 (1),(2)
AVERAGE 33.8
STANDARD DEVIATION 1.9

(1): SPECIMEN THICKNESS LESS THAN REQUIRED FOR VALIDITY
(2): HEAT TREATED TO THE FOLLOWING SCHEDULE:

STEP 1 - 850F FOR 2 HRS

STEP 2 - 665F FOR 2 HRS

STEP 3 - WARM WATER QUENCH

STEP 4 - 230F FOR 24 HRS

TABLE G29

FRACTURE TOUGHNESS RESULTS FOR

INGOSXL FORGING

COMPANY ORIENTATION KIC Kg COMMENT
(KSI in*0.5) (KSI in~0.5)

GENERAL T-L 29.8 (1),(2)
DYNAMICS 30.7 (1),(2)
AVERAGE 30.3
STANDARD DEVIATION 0.6
(1): SPECIMEN THICKNESS LESS THAN REQUIRED FOR VALIDITY
(2): HEAT TREATED TO THE FOLLOWING SCHEDULE:

STEP 1 - 850F FOR 2 HRS
STEP 2 - 665F FOR 2 HRS
STEP 3 - WARM WATER QUENCH
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TABLE G30

FATIGUE RESULTS WITH R=0.1 AND Kt=1.

INS0SXL FORGING

ORIENTATION STRESS
(KSI)

0 FOR

CYCLES

COMPANY
SIKORSKY
(*): INDICATES
(#): INDICATES
(t): INDICATES
(&): INDICATES

A RUNOUT TEST
THAT SPECIMEN WAS PREVIOUSLY TESTED

42,000
10,000,000 =
10,000,000 =*
10,000,000 =

TO RUNOUT @ 40 KSI

THAT SPECIMEN WAS PREVIOUSLY TESTED TO RUNOUT @ 50 KSI

THAT SPECIMEN WAS PREVIOUSLY TESTED

29

TO RUNOUT @ 45 KSI




TABLE G31
FATIGUE RESULTS WITH R=0.1] AND Kt=1.0 FOR

IN9O5XL FORGING

COMPANY ORIENTATION STRESS CYCLES
(KSI)

SIKORSKY L TRANS 60.0 19,000 #
50.0 10,000,000 *

(*): INDICATES A RUNOUT TEST
(#): INDICATES THAT SPECIMEN WAS PREVIOUSLY TESTED TO RUNOUT @ 50 KSI
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TABLE G32
FATIGUE RESULTS WITH R=0.1 AND Kt=1.0 FOR

IN905XL FORGING

COMPANY ORIENTATION STRESS CYCLES
(KSI)
SIKORSKY S TRANS 70.0 1,000 #
60.0 23,000
' 50.0 10,000,000 *
(*): INDICATES A RUNOUT TEST
(#): INDICATES THAT SPECIMEN WAS PREVIOUSLY TESTED TO RUNOUT @ 50 KSI
31
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TABLE G33
FATIGUE RESULTS WITH R=-1.0 AND Kt=1.0 FOR

INSOSXL FORGING

COMPANY ORIENTATION STRESS CYCLES
(KSI)
SIKORSKY LONG 35.0 61,200
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TABLE G34

FATIGUE RESULTS WITH R=-1.0 AND Kt=1.

IN90OSXL FORGING

COMPANY ORIENTATION STRESS
(KSI)

SIKORSKY L TRANS 60.0

(*): INDICATES A RUNOUT TEST

(#): INDICATES THAT SPECIMEN WAS PREVIOUSLY TESTED
(!): INDICATES THAT SPECIMEN WAS PREVIOUSLY TESTED
(&): INDICATES THAT SPECIMEN WAS PREVIOUSLY TESTED

14

0 FOR

CYCLES

32,500
10,000,000
10,000,000

10,000,000 ~

TO RUNOUT @ 30 KSI
TO RUNOUT @ 20 KSI
TO RUNOUT @ 35 KSI
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TABLE G35

FATIGUE RESULTS WITH R=0.1 AND Kt=3.07 FOR

INSQOSXL FORGING

COMPANY ORIENTATION STRESS CYCLES
(KSI1)

SIKORSKY LONG 40.0 2,400
30.0 17,000
20.0 57,000
15.0 96,000
10.0 10,000, 000
10.0 10,000,000

(*): INDICATES A RUNOUT TEST

(#): INDICATES THAT SPECIMEN WAS PREVIOUSLY TESTED TO RUNOUT @ 10 KSI
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TABLE G36

FATIGUE RESULTS WITH R=0.1 AND Kt=3.07 FOR

INSOSXL FORGING

COMPANY ORIENTATION STRESS CYCLES
(KST)

SIKORSKY L TRANS 30.0 10,000 #
15.0 187,400
10.0 10,000,000 *

(*): INDICATES A RUNOUT TEST

(#): INDICATES THAT SPECIMEN WAS PREVIOUSLY TESTED TO RUNOUT @ 10 KSI
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TABLE G37

FATIGUE RESULTS WITH R=0.1 AND Kt=3.07 FOR

INSOSXL FORGING

COMPANY ORIENTATION

STRESS
(KSI)

CYCLES

SIKORSKY S TRANS

(%)=
(#):

INDICATES A RUNOUT TEST

16,000 #
213,400
10,000,000 =*

INDICATES THAT SPECIMEN WAS PREVIOUSLY TESTED TO RUNOUT @ 15 KSI
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TABLE G38

FATIGUE RESULTS WITH R=-1.0 AND Kt=3.07 FOR

IN9S05XL FORGING

COMPANY ORIENTATION STRESS CYCLES
(KSI)

SIKORSKY LONG 20.0 14,000
15.0 67,000

(*): INDICATES A RUNOUT TEST

(#): INDICATES THAT SPECIMEN WAS PREVIOUSLY TESTED TO RUNOUT @ 15 KSI
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TABLE G395
FATIGUE RESULTS WITH R=-1.0 AND Kt=3.07 FOR

INS0O5XL FORGING

COMPANY ORIENTATION STRESS CYCLES
(KST)

SIKORSKY L TRANS 30.0 4,000
15.0 50,000
12.5 112,400
10.0 10,000,000

(*): INDICATES A RUNOUT TEST

(#): INDICATES THAT SPECIMEN WAS PREVIOUSLY TESTED TO RUNOUT @ 10 KSI
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FATIGUE CRACK GROWTH RATES
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Figure G6 Fatigue Crack Growth Rate Data for IN9QSXL Forging

(L-T Orientation, KGRAD =-2.00 and 2.00). Northrop.
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TABLE G40

Fatigue Crack Growth Data Associated With
rigure G6 (Specimen TBL1)

AUTOMATED FATIGUE CRACK
GROWTH RATE ANALYSIS

Specimen id. FBL1
Contract # 95874
Material IN9OSXL FG
Temperature (F) 72
Environment 95% H.A.

Specimen Dimenslions (in)

Thickness 0.248
wWiath 1.497
Helght 0.900

Precrack Parameters
Pmax (1bs) 500.0
Final a (in) 0.305

Test Parameters

Inftial a (in) 0.300

K-gradient -2.00
K Coeff EvB/P Coeff
0.886000 1.000980
4,.640000 -4,669510
~13.320000 18.460100
14,720000 -236.824997
-5.600000 1214.880000
0.000000 -2143.570100

Visual Observations

EvB/P Crack (EvB/P) Crack (visual)

17.92 0.296 0.307
30.10 0.518 0.517
48.79 0.701 0.696
58.12 0.761 0.750
238.74 1.114 1.115
282.16 1.142 1.145%
Comments

Date of test: 01-18-1988

43

Geometry C(T)

Ortentation L-T

Yield (ksi) 55.5
Modulus 10.8
Notch depth 0.267
Gage length 1.000
Alpha ratio 1.250

Stress atfo (R) 0.10
Kmax 7.12

Iinftial K 7.20
Stress ratio (R) 0.10

Analysis Codes

KRP 1 2
Error CAF
0.010 0.981
-.001 0.979
-.004 0.978
-.011 0.978
0.002 0.975
0.003 0.975%




Lpogimen 1d,

Pmax
{1bs}

4B0
472
464
455
448
440
432
425
417
410
403
396
389
LX)
376
370
364
358
352
346
340
334
329
323
318
312
307
302
237
292
287
283
278
273
269
264
260
256
251
247
243
239
235
231
227
224
220
216

EsB/P

18.
8.
l8.
8.
18,
19,
19.
19,
9.
19.
20.
20.
20.
20.
20.
21.
.34
.56

21
2!

21.
22.
22.
22.
22.
22.
23.
23.
.69
23.
24.
24,
24.
24.
25.
2s.
.82
26.
26,
26,
26,
27,
27.
27.
28,
28,
28.
29.
29.
29,
30.

23

25

14
32
50
70
88
06
27
46
67
86
06
28
47
&9
91
12

79
02
24
48
71
95
9
45

94
19
46
72
99
26
53

09
38
67
96
25
S4
84
()
48
79
H
[ 1]
7
10

0.

FeLl

(fn)

3019

0.3064
0.3109
0.3157
0.3199
0.3243
0.3290
0.3335
0.3382
0.3425
0.3470
0.3518
0.3559
0.3606
0.3652
0.3696
0.3740
0.3785
0.3831
0.3877
0.33%19
0.3965
0.4010
0. 4054
Q.
0
0
0
0
e
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

4099

L4145
.4190
L4233
.4278
L4324
. 4369
L4415
. 4459
. 4504
.4550
. 4594
.4639
. 4685
.4730
L4713
.4817
. 4862
L4910
. 4954
. 4998
.5043
.5089
.5134
.5178

TABLE G40 (Continued)

N
(X1)

3521
4604
5787
7021
8152
9384
10720
12052
13406
14819
16301
17928
19378
21003
22123
24379
26105
27906
29847
31788
33656
357195
3Nm
39930
42153
44501
46814
49128
51628
$4216
56803
59570
62292
65120
68171
71108
74160
17321
80594
83865
87138
90631
94393
98051
1oL708
105495
109421
113485
117496

An
(in)

0.00%0
0.0033
0.0090
0.0086
0.0092
0.0092
0.0092
0.0090
0.0087
0.0093
0.0090
0.0088
0.0093
0.00%0
0.0088
0.0089
0.0091
0.0092
0.0087
0.0088
0.0091
0.0089
0.0089
0.00%
0.009t
0.0087
0.0088
0.0092
0.0091
0.0090
0.0091
0.06089
0.0091
0.0090
0.0089
0.00%0
0.00%0
0.0089
0.0087
0.0088
0.0093
0.0093
0.0089
0.0089
0.005%0
0.0090
0.0089
0.00%0

aN
(x1)

2266
2418
2364
2363
2569
2668
2766
2767
2815
3108
3078
3076
3345
3376
3383
3526
3742
3882
3809
3927
4121
4216
4375
45h
4661
4627
4814
5088
5175
5354
5490
5550
5879
5988
5989
6213
6434
6544
6544
6766
7255
1420
1315
Tase
713
7990
8075
8715

44

A/ AN

«u

3
3
3
3
3
3
3
2
2
2
2
2
2
2
2
2
2.
2
2
2
2
1
\
!
1
|
1
1
1
t
1
1
1
i
|
1
\
1
!
1
|
1
i
L.
1.
1.

n/cyc)

.9526-06
.863E-06
.BO7E-06
.643E-06
.569€-06
.433E-06
.321E-06
.247E-06
.105E-06
.996E-06
L917E-06
.864€-06
.T76E-06
.663E-06
.604E-06
.532E-06
.431€-06
.372e-06

296E-06

.249E-06
L213E-06
.109E-06
.040E-06
<996E-06
\947€-06
.8B7E-06
.828E-06
.B03E-06
LIS1E-06
.6B6E-06
.655€-06
.605E-06
.540E-06
.510E-06
. 434E-06
.454E-06
.404E-06
-357E-06
.334E-06
.305€-06
.2T9E-06
. 249E-06
L211E-06
-197e-06
L172E-06

131£-06
100E-06
027€-06

oo

hL&A.L...b?h&&bh.LA&LAL&U‘U\U‘U\WWU‘U‘WU\UU‘U‘M\"U’WU’WUOU\

18
(ks1/in)

17

12
.07
.0
.96
.9i
.85

80

.15
.70
.65
.60
.55
.50
.45

40

.36
.31
.26

21

17
A2

08

.03
.99
.94
.30
.B6
.8
.17
.13
.69
.64
.60
.56
.52
.48

44

.40
.36
.32
.29
.25
.23
A7
.13
.10
.06

CCcL

.176
-176
175
176
A75
.176
.176
175
176
.176
176
A6
175
-176
-176
.176
175
175
176
.184
.188
195
. 196
.203
206
.206
.213
.210
.21
.217
.216
.28
.220
.224
.231
.232
.233
.23%
.239
.242
.246
.248
.254
.252
.258
.264
.267
272

ANeff
{(ksivin)

5.65
5.60
5.56
5.50
5.46
5.41
S.36
5.32
5.26
$.22
5.17
5.13
5.09
5.04
4.99
4.95
4.9}
4.87
4.82
4.73
4.66
4.58
4.53
4.46
4.40
4.36
4.29
4.26
4.22
4.15
4.12
4.07
4.02
.9
3.90
3.86
3.82
3.1
3.72
3.68
3.62
3.58
3.52
3.%0
3.44
3.38
3.34
3.28




Specimen 1d. F8LI

Pmax
{ibs)

213
209
206
202
199
196
192
189
186
183
180
17
174
m
168
165
163
160
157
155
152
149
141
144
142
140
137
13%
132
130
128
126
124
121
119
11
Vs
113

103
102
100
98
96
95
93
91
90

Ee/P

30.44
30.78
31.12
31.49
31.86
32.22
32.59
32.94
33.35
33.74
34,11
34.50
34.9)

35.31
35.73
36.15
36.58
37.01

37.44
37.88
38.33
38.80
39.27
39.74
40.23
40.71

41.21

41.72
42.24
@.n
43.20
43.82
44.36
44.91

45.47
46.0%
46.63
47.22
47.88
"a.1Nn
$0.47
$1.02
51.60
52.28
$3.00
$3.80
54.46
55.21

55.85

]
(in)

0.5223
0.5268
0.5311
0.%358
0.5405
0.%5450
0.5%494
0.5537
0.5585
0.5631
0.5673
0.5718
0.5764
0.5809
0.5854
0.5899
0.5944
0.5989
0.603)
.6078
.6123
.6169
6214
.6259
.6304
.6349
.6394
. 6440
6486
6532
.657%
6620
6665
L6710
.6755
.6800
. 6845
68°0
6940
7076
.T104
L7162
L7202
1247
1294
.734%
.738¢
7433
L1472

- N-N-N-N-N-N-N NN NN N N N N - N -N-N_N-N-N-N-N_N-N-N-N_-N_]

Specimen 1d. FB8LI

Prax
(ibs)

£48/P

a
{in)

$6.67 0.7521
57.42 0.7565

TABLE G40 (Continued)

N
(X1)

122201
126916
131441
136302
141320
146349
151372
156512
16215}
167964
173606
179640
186141
192717
199557
206661
214026
221386
229003
236887
245023
253442
262181
271239
280623
290323
300339
310780
322113
333866
345592
358535
3710899
385884
400856
41732 °
435631
456746
494969
1233705
1382902
1572671
1868219
2137682
2420118
2746597
3052391
3368982
378%26

N
{(X1)

4187357
4515723

on
(in)

0.0090
0.0088
0.0090
0.0093
0.0092
0.0090
0.0087
0.0091
0.0094
0.0088
0.0087
0.0090
0.0091
©.0090
0.0090
0.0090
0.0090
0.0089
0.0089
0.0090
0.0091
4.0091
0.00%
0.0091
0.0091
0.0090
0.0091
0.0092
0.0092
0.0089
0.0089
0.0020
0.0089
0.0090
0.0090
1.0090
0.0090
0.0094

0.0087
0.0098
0.0084
0.0092
0.0098
0.0092
0.0088
0.0086
0.0087

(in)

0.0093

aN
(X1)

9420

9240

9386

se8s
10047
10044
10223
10779
11412
11455
11656
12535
13078
13416
13944
14469
14725
14977
15501
16029
16535%
17156
17798
18443
19084
19716
20457
21774
23086
23419
2467V
26307
27349
28957
3147
344
39425
$9339

338966
485317
565011
559899
608915
624273
622384
737238
818376

AN
xi)

726097

An/8N
(in/cyc)

9.573e-07
9.535€-07
9.617€-07
9.423¢-07
9.159%€-07
8.929%€-07
8.506£-07
8.421E-07
8.246£-07
T.716E-07
7.437€-07
7.213¢-07
6.951€-07
6.717€-07
6.451€-07
6.213-07
6.144E-07
5.9418-07
$.73%-07
5.617€-07
5.488€-07
5.301E-07
$.034E-07
4.911€-07
4.746E-07
4.557€-07
4. 420€-07
4.210£-07
3.980€-07
3.802£-07
3.591E-07
3.419€-07
3.2726-07
3.091E-07
2.862¢-07
2.600E-07
2.201t-&7
1.592£-07

2.552£-08
2.013e-08
1.494£-08
1.647E-08
1.617€-08
1.478¢-08
1.413€-08
1.164E-08
1.069€-08

Page

&8/8N
(tn/cye)

t.280€-08

&
(ksidin)

4.02
3.99
3.95
3.92
J.e8
3.85
3.81
3.78

-
.
-~
-

. . s e

N

VOOV OWOOO == e MAINWWWWM JYRIIIY.Y
g — R PONAEIVO WA~ & q::u:m\nh:wxaha0|s-—0!g

NN WWWWWWWWWWW WL wWwwwwwwwie W

NRYRNNNNNNN
VAR PRON -~
PORY- I Y- R I N

ax
(ks id/iny

2.54

cCL

.212
270
274
276
.281
.284
.289
.292
.295
.300
.305
.306
34
314
.320
.329
324
.327
.320
321
.325
.34)
2344
.348
.3%3
.35%
2361
.360
3N
.368
.387
.396
.401
.395
.404
411
424
.437

.493
455
.456
.453
.436
454
. 459
474
.482

ccu

.41

eff
{(ksl/in)

3.26
3.24
3.19
3.15
3.10
3.06
3.01
2.97
2.93
2.89
2.84
2.81
2.76
2.1
2.68
2.62
2.62
2.58
2.59
2.56
2.52
2.44
2.4
2.37
2.33
2.30
2.26
2.24
2.18
2.18
2.09
2.04

AXeff
(ksidin)

1.48




TABLE (41

Fatigue Crack Crowth Data Associated
with Tipure A (Specimen F8LI-A)

AUTOMATED FATIGUE CRACK
GROWTH RATE ANALYSIS

Specimen Id. FBL1-A Geometry c(T)
Contract # 95874 Orientatton L-T
Materisl IN9OSXL FG Yield (ksfi) 55.5
Temperature (F) 72 Modulus 10.8
Environment 959 H.A,
Specimen Dimensions (in)
Thickness 0.248 Notch depth 0.267
width 1.497 Gage length 1.000
Height 0.900 Alpha ratio 1.250
Precrack Parameters
Pmax (1bs) 500.0 Stress ratlio (R) 0.10
Final a (tn) 0.305 Kmax 7.12
Test Parameters
Initia! & (In) 0.765 Inftial K 4.40
K~gradient 2.00 Stress ratio (R) 0.10
K Coeff EvB/P Coeff Analysis Codes
0.886000 1.000980 KRP \ 2
4.640000 ~4,669510
-13.320000 18.460100
14.720000 -236.824997
~-5.600000 1214.880000
0.000000 -2143.570100
Visua) Observations
EvB/P Crack (EvB/P) Crack (visual) Error CAF
17.92 0.296 0.307 0.010 0.981
30.10 0.%518 0.517 -.001 0.979
48.79 0.701 0.696 -.004 0.978
58.12 0.761 0.750 -.011 0.978
238.74 1.114 1.11% 0.002 0.97%
282.16 1.142 1.145 0.003 0.975
Comments

Date of Test: 01-18-1988
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Specimen 1d. FaL1-A
Pmax  E3B/P 'y
(ibs) {in)

$9.30 0.7672
133 ¢0.14 0,718
133 61.01 0,77¢5
133 61.85 0,1809
133 62.69 0.7853
133 €3.57 0.7e98
133 64.46 0.7943
133 65.40 0.7989
132 66.35 0.8034
132 67.29 0.8079
132 68.31 0.812¢
132 69.32 0.8172
132 70.37 0.8218
132 71.43 0.8264
131 72.47 0.8308
i3 73.55 0.8353
131 74.67 0.8399
131 75.78 0.8443
130 76.92 0.8488
130 18.12 0.8534
130 79.31 0.8s578
130 80.56¢ 0.8624
129 81.81 0.8669
129  83.14 0.8716
129 84.53 0.87¢4
128 85.86¢ 0.8808
128 87.14 0.8850
128 88.49 0.8893
127 89.98 0.8940
127 9).58 0.8989
127 93.13 0.9035
126 94.65% 0.9080
126 96.13 0.9122
125 97.68 0.916%
125 99.39 0.9232
125 101.18 0.92%9
124 102.98 0.9305
124 104.60 0.9346
123 106,42 0.939}
123 108.3% 0.9437
122 110.29 0.9483
122 t12.27 0.9528
120 114.36 0.9574
121 116.47 9.9620
(20 {18.54 0.9664
119 120.83 0.974¢
19 1231.28 0.9759
118 125.%4 0.9803
18 127,76 0.9845

TABLE G41 (Continued)

N 4a
(X1} Un)
€57}

11976  0.0093
17080 0.009)
21862 0.0088
26411 0.0088
30833 0.0089
35132 0.0091
39445 0.0092
43592  0.0090
47594  0.0092
51604 0.0093
55419 0.0092
59219 9.0092
62858 0.0090
66326 0.00%0
69780 0.0091
73112 0.0090
76307 §.0089
79537 0.0091
82726 0.0091
85838 0.0090
89946 0.0091
91865 0.0092
94775 0.0094
97682 0.0092
100312 ©.0086
102803 0.0085
105263  0.009p
107830 0.0096
110508 0.00395
112963  0.0091
115197 0.0087
117318 0.0085
119414 0.0030
121689 0.0094
123871 0.00%4
125880 0.p087
127779 0.008%
129680 0.009%)
131581 0.0D92
133410 9.009)
1351710 0.009)
136930 0.0092
138550  0.0089
140103  0.009)
141798  0.009¢
143414 ©.0093
144821  0.008¢
146186 0.0088

AN
(Xt}

10509
9886
%331t
8972
8721
8612
8460
8149
8012
1825
1615
1440
107
€922
6786
6527
6425
6418
6302
6220
6027
5829
5817
5538
St21
49351
5027
5245
5133
4688
4355
4217
437)
4458
4191
3907
3799
3803
3730
3589
3520
3380
273
3248
32
3024
2712
2839

Page

8a/8N
{in/cyc)

8.
9.
9.
9.
i
I.
1.
1.
1.
.
i.
i.
1.
1.
1.
{.
t.
t.
t.
t.
{.
.
{.
.
1.
i
f.
.827€-06
.854€-06
.933E-06
-990E-06
.021€e-06
.053€-06

—

865€-07
246E-07
461£-07
862E-07
026E-06
056E-06
0B3E-06
106E-06
144E-D6
186E - 06
213E-06
240E-06
267€-06
293€-06
3350-06
3719e-06
386E-06€
413€-06¢
436£-06
4S3E-0¢
5Q7€-06
S12¢€-06
624€-06
664~ 06
684€-06
T19€-06
791€-06

104E-06
237€-06

.238E-06

257€-06
400€-06
460€-06
525€-06
S98E-06
T19€-06
B14E-06
792€-06
B894£-06
060E - 06

&K

(ksivin)

4.91
4.05
4,08
4.12
4.16
4.19
4.23
4.27
4.3]
4.35
4.39
4.43
4.47
4.51
4.55
4.59
4.63
4.67
4.7
4.75
4.80
4.84
4.88
4.93
4.97
5.02
5.06
5.t
5.(5
5.20
5.25
5.29
5.34
5.39
S.44
5.48
5.53
5.58
5.63
5.68
5.73
5.79
5.84
5.89
5.94
6.00
6.05
6.1)

cCL

272
- 269
.268
271
.267
«269
.267
-273
272
.274
.21
.276
274
.279
.272
325
.335
.328
.23
.325
.325
.329
30
378
. 325
.32t
.334
.323
.306
314
3N
.32
.304
.309
.303
.308
.308
.291
.294
.34
.307
.307
.301
.289
.294
.301
.292
.303

AKef€
(katdiny

3.25
3.29
3.32
3.33
3.38
3.4
.44
3.45
3.48
3.50
3.54
3.56
3.60
3.614
3.68
3.44
3.
3.49
3.5¢4
3.57
3.60
3.6%
3.68
3.68
3.73
3.78
3.74

hhh;;s;;w;www
©0 o @

Wk AN - -
wW—_—OW—waw

LI 3 Y
Voo om
W =

4.65
4.66
4.66
4.76
4.73




TARLE 41 (Continued)

Specimen ld. FBLI-A Page 2
Pmax  E8B/P . ] sa N A8/8N ax ca. aKeff
(ibs) (in) {xi) (in) (X1) (In/cyc) (ksivin) (ksidin)
117 130.28 0.989] 147660 0.0093 2831  3.292t-06 6.16 .28% 4.89
116 132.91 0.9938 149017 0.0090 2660 3.395€-06 6.21 .284 4.9
116 135.41 0.9982 150320 0.0090 26171 3.426£-06 6.27 .280 5.02
11S 138,15 1.0028 151634 0.0089 2510 J.541€-06 6.32 .294 4.96
115 140.75 1.007M 152831 0.0088 2388 3.696E-06 6.38 ,286 5.06
114 143.6) 1.0116 154022 0.0092 2381 3.847€-06 6.44 279 5.16
113 146.58 1.0162 155211 0.0092 2324 3.945€-06 6.50 .278 5.21
113 149.63 3.0208 156346 0.0089 2210 4.005€-06 6.55 .267 5.34
112 152.%6 1.025) 157422 0.009!1 2189 4.177€-06 6.62 .24 5.34
H1t 1%56.01 1.0299 158535  0.0097 2216 4.3717€-06 6.67 .252 §.5%
110 159.54 1.0348 159637 0.0093 2106 4.417E-06 6.74 248 5.63
110 162.92 1.0392 160641 0.0008 1954 4.529E-06 6.80 .263 5.%7
109 166.32 1.0436 161591 0.0086 1834 4.678E-06 6.86 .262 5.63
108 169.69 1.0478 162475 0.008S 1749 4.834E-06 6.92 ,262 5.67
107 173.2y  ,.052% 163340 0.0090 1817 4.9ME-06 6.98 .268 5.67
107 177.29 1.0%68 164293 0.0095 1861 S5.104€-06 7.04 .242 5.93
106 181.46 1.0616 165201 0.0089 1665 S5.341E-06 7.10 .239 6.00
105 185.26 1.0657 165957 0.0085 1556 S5.494E-06 7.17 274 5.78
104 189.38 1.0701 166756 0.0090 1599 S$.611€-06 1.23 .260 5.9
103 193.86 1.0747 167556 ©.0089 1530 $.8i12€-06 7.29 .269 $.92
102 1968.18 1.0790 168287 0.0090 1532 9.8B4E-06 1.36 213 5.94
101 203.10 1.0837 169088 0.0098 1602 6.092E-06 7.43 .266 6.06
101 208.55 1.0888 169889 0.0099 1566 6.309€-06 7.50 .2%0 6.24
100 213.99 1.093¢ 170654 0.0097 1459 6.626£-06 7.57 .248 6.32
99 219.64 1.0984 171348 0.0087 1309 6.679€-06 7.6} 247 6.38
98 224.37 1.1023 171963 0.0083 1210 6.849E-06 71.70 .243 6.48
97 229.84 1.1067 172558 0.0089 1232 7.236E-06 7.77 214 6.78
9%  235.73 1.1113 173195 0.0094 1289 7.313¢-06 7.84 .23 6.68
95 242.32 1.1161 173846 0.0095 1248 7.622£-06 7.91 .24) 6.67
94 248.81 1.t208 174442 0.0089 1185 7.496£-06 7.98 .220 6.92
93 2%5.02 1.'2%0 175031  0.0093 1201 7.716£-06 8.06 ,239 6.82
92 262.62 1.1300 175643 0.0089 1139 7.857€-06 @.12 218 7.08

268.83 }.1340 176170
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Figure 7 Fatigue Crack Growth Rate Data for INS0O5SXL Forging
(L-T Orientaticn, KCARAD =4.00 and 4.00). Northrop.
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TABLE G42

Fatigue Crack Crowth Data Associated
with Ficure G7 (Specimen F8L2)

AUTOMATED FATIGUE CRACK
GROWTH RATE ANALYS Is

Specimen Id. F8L2 Geometry C(T)
Contract § 95874 Orfentation L-T
Matertal IN9OSXL FRG Yield (ksi) S5.7
Temperature (F) 72 Modu lus 11.0
Environment HUMID AIR

Specimen Dimensions (tn)

Thickness 0.250 Notch depth 0.272
Width 1.495 Gage length 1.000
Hefght 0.900 Alpha ratio 1.250

Precrack Parameters

Pmax (1bs) 284.0 Stress ratio (R) 0.10
Final & (1in) 0.604 Kmax 6.83

Test Parameters

Initial & (in) 0.598 Initial K 7.00
K-gradient -4.00 Stress ratio (R) 0.10
K Coeff EvB/P Coeff Analysis Codes
0.886000 1.000980 KRF 1 o}
4.64G000 -4.669510
-13.320000 18.460100
14,.720000 -236.824997
-5.600000 1214.880000
0.000000 -2143.570100

Visual Observations

EvB/P Crack (EvB/P) C(Crack (visual) Error CAF
36.94 0.584 0.582 -.002 0.945%
108. 35S 0.939 0.941 0.002 0.961
274.20 1.135 1.138 0.003 0.971
352.86 1.175 1.174 -.001 0.973
395.73 1.192 1.190 -.002 0.974
Comment s
Date of test: 04-11-1988
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TADLL (42 (Continucd)

Specimen Id. F8L2

Pma x Eap,P s N

sa AN da/AN &K
(ibs) tin) (X1) (in) (X1) (in/cyc) (ksivin)
36.86 0.5%R833 165875
275 37.36 0.s886 1576%5 0,0092 3388 2.715€-06 5.79
267 37.74 0.592% 159263 0.0086 3457 2.493E-06 5.68
261 38.20 0.%972 161111 0.0094 3620 2.596E-06 5.59
254 38.65 0.6019 162883 0.0093 3555 2.610€-06 5.49
248 39.12 0.60€5 164666 0.0093 3719 2.511E-06 5.39
24! 39.60 0.6112 166601 0.0093 3874 2.391€-06 5.30
235 40.06 0.6157 168540 0.009]} 3959 2.301E-06 5.20
229 40.54 0.6203 170561 0.0093 4199 2.213E-06 S.11
223 41.04 0.6250 172739 0.0094 4434 2.121E-06 5.02
2%7 41.55 0.6297 174995 0.0094 4595 2.037E-06 4.93
212 42.06 0.6344 177334 0.0092 4734  1.952E-06 4.85
206 42.%7 0.6390 179729 0.0093 4342 1.874E-06 4.7¢6
201 43.11 0.6437 182276 0.0094 5188 1.808BF-06 4.68
19¢€ 43.65 0.6483 184917 0.0093 5402 1.727€ 06 4.59
191 44.19 0.€53¢ 187678 0.0094 5712 1.64€£-06 4.5
186 44.7¢ 0.6577 190629 0.0094 5933 1.578E-06 4.43
181 45.31 0.€622 193610  §.009) €090  1.499E-06 4.35
17¢ 4%5.87 0.6669 196718 0.009! 6341 1.430€-06 4.28
172 46.44 0.6714 1999%2 9.0092 6740 1.364FE-06 4.20
167 47.03 0.6761 203459 0.0094 7264 1.300E-06 4,13
163 47.6S 0.6809 207216 0.0094 7519 1.2476-C¢ 4.06
158 48.25 0.6854 210978 0.0093 7782 1.190E-06 3.98
154 48.87 0.6901 214998 0.00983 8149 1.140£-06 3.9}
150 49.50 0.69%947 219127 0.0091 8345 1.091€-06 3.84
14C 50.12 0.6992 223342 0.009! 8738 1.n42-0¢ 3.78
142 50.77 0.7038 227864 0.0093 9313 9.95%0£-07 3.71
139 Sl.4a4 0.708% 23265% 0.0094 W77 9.512E-07 3.64
135 52.13 0.7132 237742 0.009% 10589 8.9¢3E-07 3.58
131 $2.83 0.7180 243244 0.0094 11174 8.371E-07 3.52
128 53.53 0.722¢ 248915 0.0092 11358 B8.104E-07 3.4%
124 54.23 0.7272 254602 0.0092 11369 B.083€-07 3.239
121 $4.85%5 0.731!8 260284 0.00953 118068 7.887E-07 3.33
;18 55,70 0.736% 266410 0.0093 t2443  7.51Q£-07 3.27
11s S€.45 0.741) 272726 0.0092 12857 7,123E-07 3.22
(R 57.20 0.7457 279267 0.0094 13852 6.7S3E-07 3.16
108 58.01 0.750% 286579 0.0094 14661 6.,4272F-07 3.10
106 58.81 0.75%) 293947 0.0091 14749 6.,159€-07 3.0%
103 59.%9 0.7596 301328 0.0090 15305 S.907E-07 3.00
100 60.40 0.7641} 309252 0.0093 16428 5,6356-07 2.94
57 61.25 0.76R8 317756 0.0094 17426 S.372€-07 2.8¢%
95 62.12 0.773s% 326678 0.0094 18253 S5.136E-07 2.84
-4 63.00 0.7782 336009 0.0094 1905% 4a.928£-Q7 2.79
89 63.90 0.7829 345733 0.0092 19534 4,718E-07 2.74
a7 €4.79 0.787a4 385543 0.009: 206€3  4.4120-07 2.69
as 65.71 0.7929 366395  0.0092 24882 3,.710£-07 2.€4
g 66.66 (.796¢ 3gCa32 0.009%a 27924  3,349€-07 2.60
80 6€7.64 0.9013 324319 0.009) 25733 3.536f-07 .88
78 68.%7 0.80%7 40¢164 0.0093 24495 3,780f-07 2.5%1
76 69.62 (0.8108 418814 0.009% 26206 3 .640E-07 2.46
73 70.66 0.8153 432370 0.0093 27612 3.382£-07 2.42
71 7t.71 0.8199 446426 0.0094 29586 3.188g-07 2.37
69 72.81 0.8247 4613956 0.0094 31120 3.022¢-07 2.33
67 73.91 0.8293 4771546 0.0092 32120 2.860E-07 2.29
65 75.00 0.8339 494077 0.0091 33966 2.670E-D7 2.25%
64 76.i1 ©0.838a 511512 0.0092 36986 2.496£-07 2.2)
62 77.29 0.843) 531063 0.0095 40911 2.324F-07 2.17
60 78.%3 0.8479 552422 0.0093 43291 2.139€-07 2.13
58 79.70 0.8524 574354 0.0090 46000 1.962£-07 2.10
57 80.92 0.8563 598422 0.009%4 50212 1.873€-07 2.06
31 82.25 0.8618 624566 0.0090 51313 1.757€-07 2.02
83.42 0.8660 649735
87.7% 0.84807 719974
a? 88.%3 0.Rpaa! 753678 0.009° 78213 1.307€-07 1.as
ar, 90.44 (0.88734 73RIBT  0.00D 88A32  1.024€-D7 1.80
4c 21.R7 0.8%3a 842350 0.c092 92072 J.ncf-p? 1.7
43 A3.48 0.898¢ 837260 0.00%a 104672 B, Qaaf-nrp 1.7
40 94.9% 0.9032 947022 0.0096 220926 4,367 -0R 1.7z
41 96.74 0.908? 1111165 0.0089 371906  2.390€-08 1.&9
98.10 0.912) 1318929




TABLE G43

Faticue Crnck Crovth Nata Associated
with Ficure G7 (Specimen F8L2-A)

AUTOMATED FATIGUE CRACK
GROWTH RATE ANALYSIS

Specimen Id. FBL2A Geometry c(T
Contract # 95874 Orientation L-T
Material IN9OSXL FRG Yield (ksi) 0.0
Temperature (f) 72 Modulus 11.0
Environment HUMID AIR
Specimen Dimensions (in)
Thickness 0.250 Notch depth 0.272
Wigth 1.4955% Gage length 1.000
He fght 0.900 Alpha ratio 1.250
Precrack Parameters
Pmax (Ibs) 284.0 Stress ratio (R) 0.10
Final a (in) 0.604 Kmagx 6.83
Test Parameters
Inttial a (in) 0.94Q Initial K 4.00
K-gradient 4.00 Stress ratio (R) 0.10
K Coeff EvB/P Coeff Analysis Codes
0.886000 1.000980 KRP ] -0
4.540000 -4.669510
-13.320000 18.460100
14.720000 ~-236.824997
-5.600000 1214.880000
0.000000 -2143.570100
Visual Observatlons
EvB/P Crack (EvB/P) Crack (visual) Error CAF
36.94 0.584 0.582 -.002 0.94%
108. 35 0.939 0.94]) 0.002 0.961
274.20 1.135 i.138 0.003 0.97)
352.86 t.175 1.174 -,.001 0.973
395.73 1.192 1.190 -.002 0.974
Comments
Date of test: 04-1}-1988
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TABLE G433 (Continued)

Specimen Id. FgL2a Page |
Pmax  Esg,p s N da &N 8a/8N 2
{Ibs) (1n) (X1) (tny (x1) tin/eye)  (ksiyin)

110.85 0.9447 50%%
81 112.88 0.9493 9364 00,0093 8599 1.087€-06 3.78
82 114.95% 0.9540 13654 0.0093 8418 1.109€-06 3.85%
82 117.09 0.9587 17782 0.0093 8113 1.152€-06 3.92
82 119.28 0.9634 1767 0.0G694 7784 1.204E-06 3.99
83 121.55 0.9680 L5566 0.0093 7410 1.252€~06 4,06
83 123.82 0.972¢ 291772 0.0092 7090 1.303E-~06 4.14
83 126.20 0.9773 326571 0.0093 €793 1.363€-06 4.21
84 128.6) 0.9819 35970 0.0093 6499 1.432€-~0¢ 4.29
84 131.1% 0.9866 3915¢ 0.0093 6183 1.806€£-~06 4.37
84 133.71 0.99)2 42153 0.0093 $907 1.57%€-~0¢ 4.45
85 136.39 0.9959 45063 ©.009:z 5574 1.647€~0¢ 4.53
85 139.03 1.0004 47728 0.0092 5339 1.720€-~06¢ 4.6!
85 14).88 1.0051 50402 0.0095 5257 {.799€-~0¢ 4.70
86 144.85 1.0098 52985 0.0093 4942 1 .881F-Q¢ 4.78
86 147.77 1.0144 55344 0,009 4604 1.97%€~06 4.87
86 150.79 1.0189 $7589 0.0093 4487 2.080€£-0¢ 4.9¢
86 1%54.06 1.0237 59831 0.0093 4265 2.179€-0¢ 5.0%
86 157.24 1.0282 61854 0.0090 3919 2.305E-~0¢ 5.1%
87 160.52 1.0327 63750 op.0092 3802 2.428€-0¢ 5.24
87 164.06 1.0375 65656 0.0092 3631 2.537¢-0¢ 5.33
87 167.85 1.0420 €738) p.0090 3346 2.692C-06 5.43
87 i71.15 1.0465 69002 0.0092 3227 2.841€-0¢ 5.3
87 174.99 1.0511} 70608 0.0094 3141 2.989€-Q¢ 5.63
87 179.0) [.0%59 72142 0.0092 2923 3.185%€-0¢ 5.73
87 183.07 1.0604 73531 0.0090 2697 3.351€-~0¢ 5.83
88 187,14 1.0649 74839 0.0092 2626 3.518E~0¢ 5.9%
88 I91.65 1.0697 76157  0.0094 2538 3.723€-~06 6.05
88 196.2) 1.0743 77371 0.0092 2337 3.920€-~06¢ 6.17
88 200.78 1.07849 78494 0.0092 2218 4.139C-~0¢ 6.28
88 20%.66 1.083% 79595 0.0093 214} 4.367€-0¢ 6.39
88 210.73 }.0882 80635 0.0089 1954 4.572¢-0¢ 6.51
88 21%.%513 1.092 81549 ©0.0088 {836 4.807E- 06 6.63
88 220n.83 1.0970 B247} 0.0093 {82s S.099F - Q¢ 6.7
88 226.%7 1.1018 83374 0.0093 1727 S.403E-0¢ 6. 87
88 232.32 1.1063 84198 0.0093 1631 5.71306-0¢ 7.00
88 238.52 .11t 85005 0.009% 1875 6.014E~06 T.o13
87 244.9) }.1182 85772 0.009?2 1453 6.316€~06 7.26
87 2s51.20 1.12¢03 86457 0.009g 133¢ 6.742€- 06 7.39
87 257.8% l.1248 B7109 0.0090 1270 7.07CE-~0¢ 7.52
87 264.%8 1.1293 87327 p.opo2 1234 7.510€-0¢ 7.66
87 272.2) 1.134i 88340 p.pi107 {241 8.644E~06¢ 7.82
87 282.02 1.1400 B8968 0.0095 1038 9.117€-0¢ 7.9%
86 288.17 1.1435 89378 p.go077 907 B8.432£-0% 8.1
86 295.62 1.1477 89875 (0.go89 1060 B.g841E-0¢ 8.2%
86 304.5¢ 1.152% 90438 0.0098 1092 8.950£-0¢ B.a0
86 314.3) 1.157% DR g.qa4aq 956 S.517E~0% 8.5
85 322.70 1.1616 91324 @g.naae 830 9.683F-0% 2.7
85 332.2¢ 1.1661 91857 0.009a 830 1.009€-0% 8.87
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Specimen
Pmax  Egsg/p
{1bs)

85 343,10

84 353.46

84 363.53

83 375.06

83 388.07

82 399.05

82 415.717

81 427.73

8! 441.63

80 458.76

80 47%.04

79 49).69

78 S510.67

78 529.66

77 S549.75

76 S57T0.S50

75 593.02

75 617.76

74 642.45

73 669.23

72 €92.2%

71 728.57

I0 763.20

69 796.4]

68 830.77

67 870.49

66 9!2.36

65 956,35

64 71005,

63 71058.

61 21115,

60 %1L79,

59 %1241,

58 %1310.

56 %1388,

55 %1470.

5S4  Ti15€0.

52 %1671

S1 1785,

49 %1892,

48 12028.

46 %2171

45 12340,

%2539,

Id.

4)
95
30
04

45
a0
10
15

.9!

06
62
59

.32

17
3s

.2932
1.2978
1.3025
1.3070
1.3118
1.3162
1.3206
1.3252
1.3297
1.3343
1.3393
1.3440
1.3484
1.35¢28
1.3573
1.3621
1.3671

TABLE G43 (Continued)

N
(X1)

92324
92727
93079
93462
93867
94215
94644
94936
95241
95576
95872
96151
96444
96717
96991
97231
97468
87703
97922
98136
98345
98537
98733
98905
99065
99233
99391
99543
99687
29829
99359
100087
100200
100311
1onate
100S1€
100612
100707
100791
100859
100922
100985
101046
101097

0CO0DOCOOO0OD0O0O00O0COOCNOOOLDOOOOD O

da
tin)

.0033
.0086
.0087
. 0094
.0oges8
.0096
. 009%
.0081

.0093

. 0095
.0089
L0091

.Q0%2

.0090
.0089
.0089
.0092
.0091

.0089

.0093
.0092

.0092

.0092

. 0086

.0088

-0091¢

. 0090

.0091

.0093
.0093
. 0094
. 0091
.0088
L0091
L0031
.009%0
.009%6
.po98
.00%0
.0088
. 0089
. 0092
.¢o98

[~ R N=NeloNeN-NoNoNoNaNoNeNole)
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Page 2
AN da/aN aK
(X1) {(in/cyc) (ksivin)
870 1.073€-05 9.02
755 1.138BE-0% 9.19
735 1.183€-05 9.35%
789 1.196E-05 9.52
754 1.170£-05 9.68
776 1.236E-05 9.88
721 1.320E-05 10.04
$98 1.361€E-05 10.24
640 1.451E-05 10.42
631 1.S10E-05 10.60
575 1.550E-05 10.80
572 1.%97€-05 11.00
566 1.634£-05 11.19
547 1.646E-05 1].40
514 1.736E-05 1]1.60
477 1.875€-05 t1.81
472 1.955E£-05 12.03
453 2.012E-05 12.24
434 2.064F-05 12.47
424 2.]194E-D05 }12.69
401 2.28B1E-0% 12,92
387 2.3B4E-05 13.17
368 2.50SE-05 13.40
332 2.591E-DS  13.64
327 2.704E-05 13.88
327 2.797E-05 14.13
310 2.89%SE-05 14.38
296 3.066E-05 14.64
286 3.254E-05 14.9)
272 3.411E-05 1S5.18
258 3.632£-0% 15.47
242 3.775E-0% 15.74
24 3.922E-05 16.03
218 4,156E-05 16.32
206 4.420£-05 16.€0
194 4.656£-05 16.9)
191 5.058£-05 17.2
178 5.495£-05 17.54
153 5.926£-05 17.87
13t 6.700E-05 18.20
125 7.124E-05 18.51
125 7.426E-05 18.8%
112 B.726£-05 19.20
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Figure 8 Fatigue Crack Crowth Rate Data for IN®OS5SYL Forging

(T-1. Orientation, KCRAD -2.00 and 2,00), Northrop.




TABLE G44

Fatigue Crack Growth Data Associated
with Figure G8 (Specimen F8TI)

AUTOMATED FATIGUE CRAGK
GROWTH RATE ANALYSIS

Specimen ld. F8T1 Geometry C(T)
Contract # 95874 Ortentation T~-L
Materia! INS05 FG Yield (ksf) 54.6
Temperature (F) 72 Modulus 10.8
Environment HUM]D AIR

Specimen Dimensions (1n)

Thickness 0.250 Notch depth D.262
wWidth 1.497 Gage length 1.000
Helght 0.900 Alpha ratfo 1.250

Precrack Parameters

Pmax (1bs) 345.0 Stress ratio (R) 0.10
Final & (in) - 0.318 Kmax 5.00

Test Parameters

Infttal 8 (in) 0.260 [nitfal K 5.50
K~gradient -2.00 Stress ratio (R) 0.10
K Coeff EvB/P Coeff Analysis Codes
0.886000 1.000980 KRP i 2
4.640000 -4.669510
-13.320000 18.460100
14.720000 ~-236.824997
-5.600000 1214.880000
0.000000 -2143.570100

Visua! Observations

EvB/P Crack (EvB/P) Crack (visual) Error CAF
18.47 0.322 0.330 0.008 1.006
20.32 0.363 0.350 -.013 1.004
51.86 0.727 0.731 0.004 0.993
73.32 0.838 0.842 0.003 0.990
382.83 1.189 1.188 ~-.001 0.979
Comments

Date of test: 01-~13-1988




TABLE (44 (Continued)

Specimen 1d. FB8T)

Pmax  E4B/P [ N Y] AN 88/8N 8K cCL sKeff
(ibs) (in) (Xt} (in}) (X1} {Infcyc) (ksivin) (kstvin)
18.75 0.3283 6769
318 19.07 0.3358 11909 0.0149 10180 1.468E-06 4.29 .78 3.93
309  19.40 0.3432 16948 0.0148 10099 .466E-06 4.23 )76 3.87
300 19.73 0.3506 22008 0.0150 10463 1.430E-06 4.16 .78 3.81
294 20.07 0.3582 27432 0.015) 10694 1.414E-D¢ 4.10 178 3.7
283  20.43 0.3657 32702 0.0t4¢ 10866 1.347E-06 4.04 )76 3.69
275 20.77 0.3128 38277 0.0145 12023 1.204E-06 3.97 {76 3.64
267 21.13 0.3802 44725 0.0148 12894 1.149€E-06 3.91 176 3.58
260 21.50 0.387¢ 5117) C.0146 12888 1.133E-06 3.86 .175 3.54
253 21.86 D.3948 57612 0.0i46 13315 1.096E-06 3.80 .175 3.48
246 22.25 0.4022 64485 0.0147 14021 1.052E-06 3,74 175 3.43
239 22.64 0.409¢ 71633 0.0148 14675 1.010E-06 3.68 .17% 3.38
232 23.04 0.4171 19160 0.0149 15326 9.708E-07 3.63 175 3.33
226 23.45 0.4245 86959 0.0148 15857 9.316€-07  3.57 175 3.28
219  23.87 0.4318 95017 0.0150 16664 8.9756-07 3.52 .15 3.23
213 24.31 0.4354 103623 0.0149 17230 6.640£-07  3.47 175 3.18
207 24.74 0.4467 112247 0.0146 17578 8.283£-07 3.47 )75 3.13
262 25.18 0.4540 121201 0.0147 18571 7.923t-07 3.36 .|75 3.08
196  25.64 0.4614 130817 0.0149 19558 7.609€-07 3.31 .175 3.04
191 26.11 0.4689 140759 0.0145 19877 7.2996-07 3.26 .17% 2.99
186  26.57 0.4759 150695 0.0144 20546 6.994E-07  3.22 .75 2.95
181 27.05 0.4832 161305 0.0148 22023 6.723E-07  3.t7 .14 2.9
176 27.56 0.4907 172718 0.0150 23371 6.434£-07 3.12 .74 2.86
171 28.08 D.4983 184676 0.0150 24326 6..65£-07 3.07 .74 2.82
166  28.60 0.5057 197044 0.0}49 25135 5.9106-07 3.03 .174 2.18
6L 29.14 0.513% 20981%  0.0147 26053 5.646L-07 2.98 )74 2.74
157 29.68 0.5204 223097 0.0148 27210 5.426£-07 2.94 )74 2.69
153 30.24 0.5279 237021 0.0147 28357 S.1926-07  2.89  .{7a 2.65
149 30.80 0.5352 251454 0.0147 29884 4.90SE-07  2.85 174 2.61
145 31.38 0.5475 266904 0.0148 32078 4.607E-07 2.81 174 2.58
141 31.98 0.5500 283532 0.0!49 33399 4.459E-07 2.76 174 2.54
137 32.60 0.%574 300304 0.0150 34136 4.387€-07 2.72 174 2.50
133 33.24 0.5649 317668 0.014? 35381 4.1676-07 2.68 .174 2.46
129 31.87 0.%722 335685 0.0146 37305 3.923E-07 2.64 |74 2.42
126 34.92 0.579¢ 354973 0.0148 39966 3.708£-07 2.60 173 2.39
122 35.20 0.5870 375650 0.0149 42260 3.523E-07  2.56 .113 2.35
119 35.89 0.5944 397233 0.0149% 44733 3.329£-07  2.52 .73 2.32
115 36.60 0.6019 420383 0.0148 47087 3.146£-07 2.49 173 2.28
112 37.33 0.6093 444321 0.0146 48696 3.0076-07 2.45 123 2.25
{09 38.06 0.6165 463080 0.0146 51563 2.834E-07 2.41 173 2.22
t06  38.8¢ 0.6239 495884 ©.0147 5480} 2.6B%-07 2.38  .1713 2.18
103 39.59 0.6313 523880 0.01(S0 59013 2.537E-07 2.34 173 2.15
100 40.42 0.6388 554894  0.01%) 64252 2.344E-07  2.30 113 .12
97 41.25 (.6453 588132 0.0149 68168 2.179€-07 2.27 1713 Z2.09
95 42.09 0.6537 623062 0.0147 73604 1.992£-07  2.24  .173 2.05
92  42.94 0.¢61D 661736 0.0146 82042 1.7836-07  2.20 .12 2.M
83  43.82 0.6623 705104 ©£.0148 9i658 1.6156-07 2.1 173 1.99
87  44.1¢ 0.6758 153394 0.01%0 104514 1.432E-07  2.12 )97 1.91
84 45.70 0.6833 809617 0.0151 129009 1.1676-07 2.10 .200 1.87
82 46.68 0.6908 882403 0.0161 327470 4.908E-0B  2.07 .20% 1.83
79 47.83 0.6994 1137087 0Q.Q147 503867 2.87%E-08  2.04 . 2;5 1.18
77 48.68 0.7055 1392269 0.0}42 3351110 4.241€-08  2.01 .216 1.75
49.82 0.7136 1472199




TABLE G45

raticue Crack Growth Data Associated
with Flaure G8 (Specimen F8T1-A)

AUTOMATED FATIGUE CRACK
GROWTH RATE ANALYSIS

Specimen Id. FBTI1A Geometry C(T)
Contract # 95874 Orfentatton T-L
Material IN905 FG Yield (ksi) 54.6
Temperature (F) 72 Modulus 10.8
Environment HUMID AIR
Specimen Dimensions (in)
Thickness 0.250 Notch depth 0.262
wWidth 1.497 Gage length 1.000
Helght 0.900 Alpha ratio 1.250
Precrack Parsmeters
Pmax (1bs) 345.0 Stress ratio (R) 0.10
Final a (in) 0.318 Kmax 5.00
Test Parameters
Initial a (In) 0.725 Inftfal K 2.80
K-gradient 2.00 Stress ratio (R) 0.10
K Coeff EvB/P Coeff Analysis Codes
0.886000 1.000980 KRP 1 2
4.640000 -4.669510
-13.320000 18.460100
14,.720000 -236.824997
~5.600000 1214.880000
0.000000 -2143.570100
Visual Observations
EvB/P Crack (EvB/P) Crack (visual) Error CAF
18.47 0.322 0.330 0.008 1.006
20.32 0.363 0.350 ~.013 1.004
51.86 0.727 0.731 0.004 0.993
73.32 0.838 0.842 0.003 0.990
382.83 1.189 1.188 -.001 0.979
Comments

Date of test: (01-13-1988




TABLE G45 (Continued)

wWoohmen dd, FBTIA

Pmax EsB/P a N Aa AN Aa/aN aK ccL AKeff
{Ibs) {in) (x1) (In) (X1} (tn/cyc) (ksidin) (ksivin)
52.19 0.27295 €148

93 52.97 0.7345 24913 0.0126 42637 2.949E-07 2.57  .i80 2.35
93  54.17 0.7421 48845 0.0151 45117 3.277€-07  2.¢! 473 2.40
93 55.40 0.7496 71030 0.0149 43366 3.4458-07 2,65 .173 2.43
93 56.65 0.7570 92212 0.0148 41420 3.5T7E-07 2.69 .173 2.47
93  57.94 0.7645 112450 0.0150 39682 3.768£-07 2.73  .173 2.51
93  59.29 0.772v 131893 0.015%0 37739 3.9656-07  2.17  .173 2.54
93 60.67 0.7794 150189 0.0t50 36062 4.1SIE-07 2.8 172 2.58
92 62.11 0.1870 167955 0.0151 34879 4.323t-07 2.85 .172 2.62
92  63.59 0.7945 185068 0.0!50 33146 4.515£-07 2.89 .72 2.66
92 65.11 0.80!9 20110t 0.0151 31799 4.746E-07 2.94 172 2.70
82 66.12 0.8096 216867 0.0153 30924 4.954£-07 2.98 .1713 2.74
92 68.39 0.8172 232025 0.0151 29311 S5.1628-07 3.03 .173 2.78
32 70.07 0.9247 246178 0.0148 27376 5.409€-07  3.07 .173 2.82
91 71.79 0.8321 259401 0.0l47 25832 S5.676E£-07  3.:2  .173 2.87
91 73.55 0.8394 272010 0.0148 25267 5.849€-07  3.16  .172 2.91
9] 75.41 0.8468 284668 0.015] 24733 6.101E-07 3.2} 172 2.95
91 77.39 0.8545 296743 0.01%53 23591 6.4B4E-07  3.26 173 3.00
90 79.45 0.862) 308259 0.0150 21937 6.824E-071 3.3} .173 3.04
90 81.48 0.B694 318679 0.0145 20137 7.196£-07  3.36 ,173 3.09
90  83.%% 0.8766 328396 0.0149 19755 7.554E-07  3.4! L1723 3.13
89 85.87 0.8844 338434 0.015% 19251 7.861E-07 3.46 .174 3.17
89 88.17 0.8918 347647 0.0148 17939 8.1986-07 3,51 .173 3.23
88  90.55 0.899! 356433 0.0150 17582 8.548E-07 3.56 .173 3.27
88  93.13 0.9068 365229 0.0153 17171 8.9106-07  3.62 .74 3.32
88  95.80 0.9144 373603 0.0153 16360 9.333t-07  3.¢7 L1173 3.37
87  98.%8 0.9221) 381589 0.0150 15463 9.7156-07 3.73  .)174 3.42
87 101.39 0.9294 389066 0.0147 14530 1.00BE-06 3.78 .174 3.47
86 104.26 0.9367 336120 0.0145 13768 1.051E-06  3.84 .]74 3.52
B85 107.23 0.9439 402834 0.0147 13409 {.0976-06 3.83 .}71% 3.57
85 110.44 0.95]4 409528 0.0153 13389 1.141€-06 3.95 175 3.62
84 113.93 0.9592 416223 0.0185S 13055 1.)B4E-06  4.0) 175 3.68
84 117.53 0.9669 422583 0.0148 12078 1.22BE-06 4.07 .17% .73
83 121.04 0.9740 428301 0.0146 11375 1.279¢-06 4.13 176 3.8
62 124.83 0.9814 433959 0.0152 11320 1.339€-06 4,19 .175 3.84
82 129.00 0.9892 439622 0.015) 10786 1.398E-06 4.25 175 3.90
81 133,10 0.9965 444745 0.0148 10129 1.457E-06  4.32 174 3.96
80 137.49 1.0039 449751 0.0149 9720 1.530€-06 4.38 175 4.02
79 142.07 1.0114 454465 0.0148 9236 1.602€-06 4.45 175 4.08
79 146.85 1.018} 458986 0.01%50 9051 1.662£-06 4.51 175 4.14
78 152.08 1.0264 463516  0.0152 8846 1.724€-06 4.%8 .15 4.20
77 1S7.51  1.0340 467832 0.0151 8407 1.792E-06 4.65 175 4.26
76 163.17 1.041% 471923 0.0148 7951 1.867€-06 4.72 .15 4.32
75 169.02 1.0488 475783  0.0154 7698 1,956E-06 4.79 L1715 4.39
T4 175.48 1.0565 479621 0.0154 7503  2.056E-06 4.8¢ AN 4.44
T3 182.33 1.0643 483286 0.01590 6981 2.153E-06 4.3 .175 4.52
72 18918 1.0716 455602 0.0)44 6420 2.243(-06 5.0 176 4.5¢8
TLO196.19 1.0787 443705  0.Q14R 6311 2.343£-0% $.08 175 4.66
70 204.28 |.0864 492913 0.0154 62063 2.46KE-06 5. (6 7 4.7

€3 212.86 1.0941 495968  0.0150 5836 2.564£-06 S5.23 .|78 4.78
68 221.40 1.1013 498749 0.0149 5555 2.674E-06 5.3 .179 4.84
67 230.93 1./089 501523 0.0152 5423 2.794£-06 5.39 182 4.90
66 240.98 1.1165 504172 0.0150 5133 2.930€-06 5.47 .78 4.99
65 251.62 1.1240 506656 0.0150 4828 3.098t-06 5.55 .18 $.05%
64 267.91 1.1314 50900! 0.0149 4588 3.254F-06 5.63 . 180 5.13
63 274.96 1.1389 St1241 0.01%3 4500 3.397€-06 5.72 183 5.19
62 288.50 1.1487 51350t 0.0156 4392 3.5426-06 5.80 .183 s.27
60 302.84 1,155 515633 0.0150 4043 3.706E-06  5.89 86 5.33
59 317.28 1.1817 517544 0.Cl4a4 3721 3.878t-0% 5.98 .182 5.43
$8 332.58 1.1¢89 51934 0.0148 3629 4.065F-06 6.07 . 182 5.%1
57T 349.93 1.178% 21173 0.0152 3533 4.296£-06  6.15 . 185 5.%8

368.72 1.184 522887
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Figure GO

Tatigue Crack Growth Rate Data for IN90SXL rorging
(T-1. Orientation, KGRAD -4,00 and 4,00), Northrop.
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TABLE G46

Fatigue Crack Growth Data Assoclated
with Figure G9 (Specimen F8T2)

AUTOMATED FATIGUE CRACK
GROWTH RATE ANALYSIS

Specimen 1d. FaT2
Contraect § 95874
Material IN 905X

Temperature (F) 72
Environment HUMID AIR

Specimen Dimensions (fin)

Thickness 0.250
Width 1.493
Height 0.900

Precrack Parameters
Pmax (1Ibs) 515.0
Final a (in) 0.284

Test Parameters

Initisl & (fn) 0.265

K-gradient -2.00

K Coeff EvB/P Coeff

0.886000 1.000980

4.640000 -4.669510
-13.320000 18.460100
14.720000 ~236.824997
-5.600000 1214.880000
0.0000U0 -2143.570100

vVisual Observattons

EvB/P Crack (EvB/P)Y Crack (visual)

17.13 0.283 0.28¢0

25.98 0.478 0.475

30.45 0.547 0.553

31.32 D.5%8 0.563

31.68 0.563 0.569

38.18 0.639 0.628
Comments

Date of test: (2-19-1988

n

Geometry c(T)

Orfentattion T-L

Yield (ksli) 54.3
Modulus 11.5
Notch depth 0.265
Gage length 1.000
Alpha ratio 1.250

Stress ratio (R) 0.10
Kmax 7.00

Inftig) K 5.50
Stress ratfo (R) 0.10

Analysls Codes

KRP 1 4
Error CAF
~-.003 0.999
~.003 1.032
0.006 1.044
0.005 1.045%
0.006 1.046
~.01f 1.0%9




TABLE G46 (Continued)

Specimen ld, FBTZ

Pmax  £48/P L] N a8 AN Aa/aN AK CCL aKeff
(Ibs) (in) (X1) (in) (x1) (In/cyc) (kstdin) (ksivin)
17.54 0.29%0 5581
367 17.72  0.3001 8983 0.0098 6581 1.493E-06 4.63 176 4.24
360 17.89 0.3048 12161 0.0097 6504 |.489E-06 4.59 .16 4.20
353 18.07 0.3097 15486 0.0099 6861 1.448E-06 4,55 176 4.17
347 18.26 0.3148 19022 ©.0100 702! 1.4176-06 4.5 .176 4.13
34 18.44 0.3197 22507 0.0097 70t4 1.389E-06 4.48 .176 4.10
335 18.63 0.3245 26036 0.0097 7105 1.361E-06  4.44 176 4.06
329 18.81 0.3294 29611 0.0097 7314 1.331E-06 4.40 176 4.03
323 19.01 0.3342 33351 0.0096 7476 1.291E-06 4.37 176 4.00
EX:] 19.19 0.3390 37087 0.0097 7693 1.262€-06 4.33 .176 3.96
32 19.39 0.3440 41043 0.0098 7973 1.234E-06  4.29 .176 3.93
kith 19.59 0.3489 45060 0.0096 8027 1.196E-06 4.26 .176 3.90
302 19.79 0.3536 49070 0.0096 8297 1.160£-06 4.22 176 3.86
296 19.99 0.3585 53357 0.0098 8655 1.129E-06 4.9 175 3.84
291 20.20 0.3633 57725 0.0095 8756 1.0B4E-06 4.15 .176 3.80
236  20.40 0.3680 62113 0.0095 9103 1.044E-06 4.12 176 3.77
232 20.61 0.3728 66828 0.0098 9600 1.016E-06 4.08 L1758 3.7¢
277 25.83 0.37717 71713 0.0096 9770 9.869E-07  4.05 L1758 3.7
272 21.04 0.3825 76598 0.0095 9949 9 SI5£-07  4.01 L1176 3.68
<77 21.26 0.3872 8i66i 0.0096 10475 9.190€-07 3.98 .176 3.64
763 ?1.48 0.3921 87074 0.0098 11005 8.890E-07 3,95 175 3.62
<58 21,7V 0.3970 92666 0.0097 11197 8.646E-07 3.91 L1175 3.59
J54  21.94 0.4018 98270 0.0095 11204 B.435€-07 3.88 . 175 3.56
{50 22.16 D.4064 103870 0.0054 11627 B.097€-07  3.85 L1758 3.53
T46 22.39 0.4112 109898 0.0097 12479 7.7156E-07 3.82 L4175 3.50
42 22.63 0.416!} 116350 0.0097 12909 7.519E-07  3.79 .175 3.47
.38 22.87 0.4209 122806 ©0.0095 12912 7.364t-0?7 3.75 75 3.44
34 23.11 0.42%6 129262 0.0095 13339 7.085€-07 3.72 .178 3.4}
.30 23.35 0.4304 136145 0.0097 14317 6.766E-07  3.69 L1715 3.38
2 23.61 0.4353 143579 0.0097 15025 6.425€-07  3.66 .175 3.35
22 23.86  0.4400 1SIL70 0.009S 15474 6.109E-07  3.63 174 3.33
(18 24,11 (.4448 159053 0.009% 16223 5.B64E-07  3.60 ,174 3.30
25 24.37 0.4495 167393  0.0096 17299 5.530£-07  3.57 175 3.27
| 24.63 0.4543 176352 0.0097 18598 5.201E-07  3.54 .174 3.2%
<08  24.90 0.4%932 185991 §.0097 19599 4.93iE-C7  3.51 176 3.2
214 25.17 0.4640 195951 0.009S 20271 4.692E-07 3.48 . 187 3.14
201 25.44  0.4687 206262 0.0096 21570 4.448£-07  3.45 L1192 3.10
197 25.72 0.473% 217521 0.0097 22503 4.309€-07 3.42 .195 3.06
19¢  26.00 0.4784 228765 0.0093 23300 4.011E-07 3,39 . 199 3.02
9l 26.27 0.4829 240821 0.0094 25905 3.627E-07  3.36 .202 2.98
‘88  26.57 0.4878 254670 0.0097 20343 3.438E-C7  3.33 .203 2.95
‘85 26.86 0.4927 263164 0.009S 30023 3.162£-07 3.3 .205 2.92
B2 27.15 0.4973 284693 0.009S 33550 2.830€-07 3.28 L2113 2.87
‘79 27.46 0.5022 302714 0.0096 31432 2.570E-07 3.25 .223 2.80
176 27.76 0.5069 322185 0.0094 40904 2.293E-07 3.22 232 2.75
73 28.06 0.511% 343618 0.009S 46032 2.061E-07  3.19 2 2.7
70 2€.38 0.5164 368217 0.0096 S1712  1.857E-07  3.17 .242 2.67
67 28.69 0.5211 395329 0.0094 57459 1.628£-07  3.14 .245 2.63
‘64 29.00 0.5258 425676  0.0094 66707 1.413€-07 3.12 .248 Z.60
52 29.3) 0.5306 462036 0.0096 78583 1.222£-07  3.09 .252 2.57
59 29.66 0.5354 $04259 0.0097 90937 1.064£-07 3.06 .253 2.54
57 30.01  0.540) 552973  0.)085 189447 4.498£-08 3.04 .258 2.51
'S4 30.27 0.5439 693706 0.0092 291800 3.163E-08  3.0! .253 2.50
51 30.£7 0.5495 44774 0.0105% 215135 4.903t-08 2.99 .264 2.44
49 31,03 0.5544 908841 ©.0090 103884 B8.6676-08 2.%6 .273 2.39
31.33 o0.5%8S 948657




TABLE GA&47
Fatigue Crack Crowth Data Associated
with Figure G9 (Specimen F8T2-A)

AUTOMATED FATIGUE CRACK
GROWTH RATE ANALYSIS

Specimen 1d. F8T2A Geometry c(T)
Contract # 95874 Orientation T-L
Materisl IN 90SXxL Yield (ksi) 54.3
Temperature (F) 72 Modulus | 3 -
Environment HUMID AIR
Specimen Dimensions (1n)
Thickness 0.250 Notch depth 0.265
Width 1.493 Gage length 1.000
Hefght 0.900 Alpha ratio 1.250
Precrack Fgiameters
Pmax (lbs) 515.0 Stress ratfo (R) 0.10
Final a (in) 0.284 Kmax 7.00
Test Parameters
Inftlal a (tn) @Q.S4C Inttial K 3.50
K-gradient 2.00 Stress ratio (R) 0.10
K Coeff EvB/P Coeff Analysis Codes
0.886000 1.000980 KRP 1 4
4.640000 ~4.669510
-13.320000 18.460100
14.720000 -236.824997
-5.6C0000 1214.880000
0.000000 -2143.570100
Visual! Observations
Eve/P Crack (EvB/P) Crack (visua#) Error CAF
17.13 0.283 0.280 -.003 0.999
25.98 0.478 0.475 -.003 1.032
30.45 0.547 0.5%3 0.006 1.044
31.32 0.558 0.563 0.005 1.045
31.68 0.563 0.569 0.006 1.046
38.18 0.639 0.628 -.011 1.059
Comments

Date of test: 02-19-1988
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TABLE 47 (Continued)

Specimen Id. F8T2A Page 1
Prnax €4B/P a N Y] AN sa/8N AK CcCL aAKeff
(ibs) (tn) {xl!) {in) (X1) (In/cyc) (ksivin) {(ksiv/in)
31.82 0.5649 12212
163 32.t7 0.5695 36730 0.0094 45959 2.050£-07 3.33 .242 2.80
163 32.55 0.5744 58171 0.009S 39701 2.394£-07 3.36 .244 2.82
163 32.92 0.5790 76430 0.0095 36246 2.609€-07 3.39 244 2.85
163 33.3) 0.5838 94416 0.0096 35550 2.700€-07 3.42 .24) 2.89
164 33.70 0.5886 111980 0.0095 34104 2.774E-07 3.45 238 2.93
164 34.08 0.%933 128520 0.0054 32320 2.921E-07 3.49 .237 2.96
164 34.49 0.5981 144300 0.0096 31186 3.093E-07 3.52 236 2.99
164 34.90 0.6029 159706 0.0096 29959 3.205€-07 3.56 .236 3.02
164 35.3) 0.6077 174259 0.0095 28290 3.3S6E-07 3.59 .235 3.05
164 35.73 0.6124 187996 0.0094 26524 3.563E-07 3.62 .235 3.08
165 36.15 0.6171 200782 0.0093 24569 3.783€-07 3.66 .233 3.12
165 36.57 0.6217 212565 0.0093 23550 3.956E-07 3.69 .232 3.15
165  37.00 0.6264 224332 0.003% 23013 4. 147€E-07  3.73 .23) 3.18
165 37.46 0.6313 235578 0.0097 21982 4.402€-07 3.76 .231 3.22
168 37.92 0.6361 246314 0.0096 20526 «.%85€-07 3.80 .230 3.25
16% 38.39 0.6409 25€105 0.0087 19295 4.525£-07 3.84 .232 3.27
166 38.81 0.6448 265609 0.0085 19412 4.395€-07 3.87 .230 3.3
166 39.29 0.6494 275516 0.0090 1895) 4.745€-07 3.9] .228 3.3%
166 39.77 0.6538 284560 0.0089 17646 S.016E-07 3.94 .226 3.3%9
166 40.25 0.6%82 293162 0.0090 16765 5.361£-07 3.98 .226 3.42
166 40.76 0.6628 30,325 0.0087 15464 S5.614E-07 4.01 .225 3.46
166 41.22 0.6669 308626 0.0082 14506 5.680€-07 4.05 .223 3.9
166 41.70 0.6711 315831 0.0089 14408 6.190£-07 4.09 L2214 3.53
166 42.25 0.67%9 323034 0.009! 14065 6.4%2€-07 4.12 .218 3.58
167 42.76  0.6801\ 32989¢ 0.0088 133B4 6.611E-07 4.16 .218 3.61
167 43.31 0.6847 336418 0.0089 12638 7.005€-07 4.20 L21S 3.66
167 43.83 0.6890 342533 0.0087 12155 7.151€-07 4.24 .213 3.70
167 44.38 0.6934 348574 0.0088 11806 7.434£-07 4.27 L2110 3.75
167 44.93 0.6978 354339 0.0086 11254 7.660€-07 4.31 .209 3.79
167 45.48 0.7020 359828 0.0087 10960 7.892£-07 4.35 .207 3.83
167 46,05 0.7064 365320 0.0C90 10987 8.160E-07 4.39 .204 3.88
167 46.66 0.7110 370815 0.0090 10719 B.4408-07 4.43 .203 3.92
167 47.21 0.715% 376039 0.0089 10112 8.79%€-07 4.47 .201 3.97
167 47.87 0.71199 380926 0.0087 9503 9.150£-07 4.51 .200 4.01
167 48.47 0.7242 385542 0.008% 9018 9.426E-07 4.55 199 4.05
167 49.07 0.7284 389945 0.0086 8806 9.713-07 4.59 . 196 4.10
167 49.70 0.7327 394348 0.0088 8812 1.000E-06 4.63 . 195 4.14
167 50.35 0.7372 398756 0.0091 8818 1.032€-06 4.67 .193 4.19
167 S1.05 0.7418 403165 0.0092 8598 1.065%-06 4..2 191 4.24
167 51.74 0.7463 407355 0.0087 7968 1.095€-06 4.76 . 190 4.28
167 52.39 0.750% 411133 0.0085% 7544  1.126E-06 4.80 .189 4.33
t67 53.07 0.7548 414898 o0.0027 1527 1.162E-06 4.85 . 187 4.38
167 $3.78 0.7593 419660 0.0089 7344 1.211E-06 4.89 . 187 4.42
167 54.51 0.7637 422242 0.0087 6981 1.25%3E-06 4.93 .187 4. .46
167 85.22 0.7680 425641 0.0086 €729 1.275€-06 4.98 . 186 4.50
167 $%.95 0.7723 428971 0.0087 €616 1.310€-06 $.02 . 186 4.55%
167 S6.71 0.1767 432257 0.0087 6477 1.359t-06 5.07 . 184 4.59
167 57.47 0.7811) 435398 0.0088 6279 1.403€-06 5.12 .184 4.64
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TABLE G47 (Continued)

Specimen |d. F812A Page 2
Praax EsB/P a N sa &N 4a/aN ax CCL sKeff
(ibs) {in) xi) tin) (X1} (In/eye)  (ksivin) (ksisin)
167  58.27 0.785% 438536  0.0090 6277 1.429€-06 S.16 .84 4.68
167  %9.10 9.7900 441675  0.0090 6135 . 46BE-06 $5.2; .183 4.73
167 59.94 0.7945 44467) 0.0089 5851 1.513¢-06 5.26 .183 4.77
167  60.76 0.7989 447526 0.0086 5566 1.S44E-06 S5.3g0 182 4.82
166  61.59 0.803) 4502371 0.0086 5380 1.5956-06 .35 . 181 4.87
166 62.44 0.8075 452906 ©.0087 5323 ).6436-06 5.40 .181 4.92
166  63.33 0.8119 455560 0.0088 S193  1.686E-06 .45 . 180 4.96
166  64.22 0.8162 458098 0.0088 5076 1.731E-06 S5.5¢ .i79 5.0t
166 65,15 0.8206 460636 0.0089 4963 1.788£-06 5.55 ;179 5.06
166  66.10 0.825) 463062 0.0087 4736 1.B376-06 S.60 .)79 5.1
165 6€7.03 0.8293 465372 0.0087 4622 1.8B4E-06 5.65 |78 5.16
165 68,01 0.8338 467683 0.0087 4506 1.932€-06 5.70 .17 5.21
165 68,98 0.838) 469877 0.0086 4339 1.9946-06 5.15 .76 S.27
165 69.99 0.8424 472022 ¢.0088 4273 2.058€-06 S.80 .77 5.31
165  71.04 0.8469 47415) 0.0088 4164 2.113€-06 5.8 177 5.36
164  72.10 0.8512 476186 0.0089 4071 2.177E-06 3.9 AN 5.40
164  73.20 0.8557 478222 0.0089 3981 2.2286-06 S.96 177 5.45
164  74.30 0.8601 480167 0.0087 3798 2.295€-06 6.02 .77 5.50
163 75.42 0.8644 482020 0.0087 3705 2.361€-06 6.07 .1717 5.55
163 76.58 0.8689 483872 0.0088 3613 2.4246-06 6.13 .77 5.60
163  77.74 0.8732 485632 0.0086 3417 2.5036-06  6.18  .113 5.65%
162 78.90 0.8774 487289 0.0085 3294 2.579€-06 6.24 AN 5.170
162 80.10 0.8817 488926 0.0087 272 2.645c-06  6.29 177 S.75
162  B1.35 0.8861 490561 0.0089 3273 2.729t-06  6.35 717 5.81
161 82.68 0.8306 432:93 0.0090 3200 2.8126-06 6.4} 77 5.86
161 B4.02 0.895) 493762 0.0088 3051 2.891€-06 6.¢7 .j37 5.9
161  85.36 0.8994 495250 0.0086 2902 2.978E-06  6.53 17 5.97
160  86.70 0.9037 456663 0.0085 2750 3.077€-06 6.5 )77 6.62
{60 88.04 0.9079 498000 D.0D86 2672 3.202E-06 6.64 177 6.07
159  89.47 0.9123 439336  0.0088 2671 3.29%€-06 6.70 .}177 6.13
159 90.97 0.9167 500671 0.0088 2609 3.3786-0¢ 6.76 .178 6.18
158 92.47 0.9211 501945 0 0087 2487 3. 491E-06 6.82 JATT 6.24
158 93.99 0.9254 503158 0.3088 2429 3.6220-06  6.89 )76 6.31
157 95.61 ©0.3299 504373 0.0088 2368 3.737E-06  6.95 A1 6.35
157 97.22 0.9342 505526 0.0087 2272 3.828E-06 1.p) 172 6.41
156 98.86 0.9386 506645 0,0087 2200 3.950€-06 7.08 .76 6.48
156 100.56 0.9429 507726 0.0086 2117 4.0856-06 7.14 L €.51
155 102.26 0.9472 508762 0.0087 2070 4.2196-06 7.20 .77 €.8q
1S5 104.08 0.9%17 509796  ©.0088 2022  4.368¢-06 1.27 177 &. €
154 105.91 0.9560 510784 0.00A7 1929 4.496£-06  71.33 77 6.7)
153 107,75 0.9603 511726 0.0087 1884 4.631E-06 7.40 177 €.77
1S3 109.71 0.9¢48 512667 (0.0088 1836 4.8006-26¢  7.47 176 6.84
152 111.6% 0.9692 513%62 0.008¢ i725 S.p11f-08 7.53 S177 6.6a
1S2 113.67 0.9134 514393 0.0088 1702 5. 148E-06 7.60 176 6.9¢6
151 115.81 0.9779 515264 0.0090 1706 5.249€-06  71.67 177 7.02
IS0 117.99 0.9874 516099 0.0086 1594 S 421F-06 7.74 177 7.08
150 120.10 0.9R%6 516858 0.0086 1518 5. 63%-0¢6 7.81 L1716 718
149 127 3% 0.9909 $17617  p.opeR 1518 S.793F-0% 7.88 L1 76 .22
148 124,70 0.99%3 518375 g.00e8 1473 5 933 -pg 7.9% L1717 7.27
147 127.08 0.9997 S19096 0.0086 1337 6.150£-06 8.02 417 7.34




TABLE G47 (Continued)

Specimen 1d. FB8T2A Page 3
Pmax EsB/P a N as 4N 4a/ AN aK ccL aKeff
(ibs) (in) (X1) (tn) (X1) (tn/cyc) (ksidin) (ksivin)
147 129.45 1.0039 $19772 0.0085 1343 6.360E-06 8.10 .176 7.41
146 131.94 1.0083 520439 0.0087 1335 6.5406-06 8.17 177 7.47
145 134.57 1.0127 521107 0.0090 1336 6.750E-06 B.24 177 7.54
144 137.38 1.0173 521775 0.009} 1302 6.967€-06 8.32 .177 7.6t
143 140.19 1.0217 522409 0.0088 1225 7.151€-06 8.40 .176 7.69
142 140.97 1.0260 523000 0.0086 1167 7.3SIE-06 B.47 .176 7.76
142 145.84 1.0303 523576 0.0087 1154 7.559E-06 8.55 .176 7.83
141 148.89 1.0347 524153 0.0087 1125 7.7526-06 8.62 .176 7.90
140 151.93 1.03%0 524701 0.0086 1069 8.059€-06 8.70 .176 7.97
139 155.09 1.0434 525222 0.0086 1030 B8.324E-06 B8.78 .176 8.04
138 158.29 1.0476 525731 0.0086 1019 B8.449t-06 6.86 .76 8.11
137 161.68 1.0520 526241 0.0088 1020 B.677€-06 8.94 .176 8.18
136 165.28 1.0%6S 526751 0.0088 996 B8.88IE-06 9.02 .176 8.26
135 168.88 1.0608 527237 0.0087 947 9.160E-06 9.10 .176 8.33
134 172.57 1.0651 527697 0.0085 B899 9.406E-06 9.18 .176 8.40
133 176.22 1.0693 528135 0.0086 893 9.624£-06 9.26 .177 8.47
132 180.28 1.07)7 528590 0.0090 907 9.B94E-06 9.34 .176 B.56
131 184.54 1.0782 529042 0.0088 866 1.019E-05 9.43 .176 8.63
130 188.74 1.082% 529456 0.0086 826 |.041E-05 9.5t 176 8.7}
129 193.07 1.0868 529869 0.0087 808 1.0726-05 9.60 .176 8.79
128 197.62 1.0912 530264 0.0085 77% 1.100E-05 9.68 .177 8.85
127 202.05 1.09%) 530639 0.0086 770 1.115€-05 9.77 .17%5 8.9¢
126 207.05 1.0998 531033 0.0090 785 1.143E-05 9.86 .176 9.02
125 212.26 1.1043 531425 0.0088 755 1.171E-0% 9,95 176 9.1}
124 217.47 1.1086 531789 0.008S 712 1.196E-05 10.04 .175 9.20
222,66 1.l1128 532137
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AUTOMATED FATIGUE CRACK

TABLE G48

Fatigue Crack Growth Data Associated

with Figure G10 (Specimen FRS1)

GROWTH RATE ANALYSIS

Specimen 1d. F8sS1 Geometry C(T)
Contract # 95874 Ortientation S-L
Materiasl IN9OSXL FG Yield (ksi) 51.4
Temperature (F) 72 Modu lus 1.4
Environment HUMID AIR
Specimen Dimensions (in)
Thickness 0.248 Notch depth 0.276
width 1.496 Gage length 1.000
Height 0.900 Alpha ratio 1.250
Precrack Parameters
Pmax (1lbs) 497.0 Stress ratio (R) 0.10
Final a (In) 0.299 Kmax 7.00
Test Parameters
Intttal & (fn) 0.276 Infttal K 5.50
K-gradient -2.00 Stress ratio (R) 0.10
K Coeff EvB/P Coeff Analysis Codes
0.886000 1.000980 KRP a
4.640000 -4,669510
-13.320000 18.460100
14.720000 -236.824997
-5.600000 1214.880000
0.000000 ~-2143,570100

Visual Observations

EvB/P Crack (EvB/P) Crack (visual) Error

17.68 0.306 0.299 -.007

20.43 0.349 0.356 0.006

22.54 0.378 0.390 0.012

24.68 0.405 0.392 -.012
Comments

Date of te

st: 02-

03-1988

AR

CAF
1.015
0.968
0.937
0.910




TABLE C48 (Continued)

Specimen 1d. fBS)

Pmax  E48/P a N %] aN s8a/aN aK ccL aKeff
(1bs) {In) (xi) (tn) (x1) (tn/cyc)  (ksivin) (kst/in)
18.12 0.3132 22658
346 18.43 0.3183 35516 0.0106 25759 4.100E-07  4.5%5 .292 3.58
336 18.76 0.3237 48417 0.0103 26316 3.917E-07 4.47 301 3.47
326 19.07 0.3286 61832 £.0099 29236 3.398t-07 4.38  .307 3.37
316 19.39 0.3397 77652 0.0102 33672 3.037€-07 4.29 .43} 2.71
307 19.73 0.3389 95505 0.0102 38262 2.671E-07 4.21 .445 2.60
298 20.06 0.3439 115914 0.0105 45854 2.287E-07  4.12 .459 2.48
290 20.43 0.349) 141359 0.0104 63382 1.641£-07 4,05 .478 2.35
282 20.78 0.3543 179296 0.0099 98487 1.006E-07 3.97 .497 2.22
274 21.13 0.3592 239846 0.0101 190577 5.324E-08 3.89 .515 2.10
266 21.51 0.3645 369872 06.0100 359722 2.785£-08  3.82 .532 1.99
259 21.86 0.3693 599567 0.0097 508236 1.907£-08 3.7S .675 1.35
252 22.23 0.37410 878108 0.0102 537689 1.891E-08 3.68 .697 1.24
245 22.63 0.3794 1137256 ©.0104 529416 1.955€-08 3.6) .116 1.14
238 23.03 0.3845 1407525 ©0.0102 671119 1.514E-08  3.54 .13% 1.04
231 2).44 0.3896 1808376 0.0100 885680 1.133E-08 3.48 .753 0.9%
225 23.84 0.3945 2293205 0.0100 1290384 7.747€-09 3.41 .768 0.88
24.26 0.3996 3099360




TABLE G49

Fatigue Crack Growth Data Associated
with Figure GlO (Specimen F8S1-A)

AUTOMATED FATIGUE CRACK
GROWTH RATE ANALYSIS

Specimen 1d.
Contract §
Material
Temperature (F)
Environment

FBSI1A

35874

INSOSXL FG
72

HIMID ALR

Specimen Dimenstons (in)

Thickness
width
He tght

0.248
1.496
0.900

Geometry C(T)

Ortentation S-L

Yield (ksi) 51.4
Modulus 11.1
Notch depth 0.276
Gage length 1.009
Alpha ratio 1.250

Precrack Parameters

{1bs)
a (in)

Pmax
Final

497.0
0.299

Test Parameters

lantttal 8 (in) 0.390
K- gradient 2.00
K Coeff EvB/P Coeff
0.886000 1.000980
4.640000 -4.669514¢
-13.320000 18.4560100
14,720000 -236.824997
-5.600000 1214.880000
0.000000 -2143.570100
Visuyal Observations
EvB/P Crack (EvB/P) Crack (visual)}
17.68 0.3C6 0.299
20.453 0.349 0.356
22.54 0.378 0.390
24.68 0.40% 0.392
Comments
Date of test: 02-03-1988

70

Stress ratto (R) 0.10

Kmax 7.00

Inftial K 4.00

Stress ratto (R) 0.10

Analysls Codes

KRP 3 4
€Error CAF
~-.007 1.015
0.006 0.968
0.012 0.937
-.012 0.910




TABLE 49 (Continued)

-pecimen 1@, FBSIA Page |
Pmax  E48/P » N a8 aN s8/8N &K cCL aKeff
(los) {{n) (X1} {in) (X1) (In/cyc) (ksivin) (ksivin)
26.11 0.4285 16023
245 26.50 0.4346 247877 0.0139 39708% 3.502E-08 3.99 .738 1.16
245 26.99 0.4424 473108 ©0.0156 432854 3.596£-08 4.04 137 1.18
246 27.50 0.4502 680831 0.015% 415838 3,730£-08 4.1V .73 1.23
246 2B.0t 0.4579 888946 0.0154 419556 3.665E-08 4.17 .125 1.27
247 28.%3 0.4656 1100387 0.0156 406365 3.033¢-08 4.23 718 1.33
247 29.08 0.4735 1295310 0.0154 363072 4.253€-08 4.30 710 1.39
248 29.62 0.4810 1463459 0.0158 3%8983 4.408E-08 4.37 .70% 1.43
248 30.22 0.4893 1654294 0.0153 369281 4.153£-08 4.43 .696 1.50
249 30.75 0.4964 1832740 0.0)28 2822931 4.5506-08 4.50 .687 1.%7
249 31.19 0.5021 1936587 0.0168 152581  1.102E-07 4.58 .680 1.63
250 32.05 0.5132 1985321 0.0193 58908 3.281E-97 4.64 .66€ 1.72
250 32.71  0.5215 1995495 0.0157 17389 9.031E-07 4.13 .65% t.81
251 33.33 0.5289 2002710 0.0}5! 13768 1.096€-06 4.80 .645 t.90
251 33.97 0.5365 2069263 0.0150 12334 1.216E-06 4.87 .635 1.97
252 34.60 0.5439 2015044 0.0149 11315 1.317€-06 4.95 .627 2.0%
252 35.27 0.5514 2020578 0.0150 10665 1.410E-06 5.02 .618 2.13
253 35.94 0.5589 2025709 D.D149 9847 1.512€-06 5.09 .608 2.22
253 6.63 0.5663 2030425 0.0150 9385 1.595€-0€ 5.17 .600 2.30
254 37.35 0.5738 2035094 0.015) 9112 |.657E-06 5.25 .593 2.37
254 38.08 0.5814 2039537 0.0152 8711 1.747E-06 5.32 .584 2.46
254 38.84 0.5891 2043805 0.0158 8547 1,854E-06 5.41 .875 2.55
255 39.67 0.%973 2048081 0.0159 8162 1.951E-06 5.49 .5€6 2.65
255 40.49 0.6050 2051967 0.0152 7385 2.0%2E-0% 5.57 .557 2.74
255 41.28 0.8124 2055469 0.0148 6850 2.181E-06 %.66 .550 2.83
256 42.10 0.6198 2058817 0.01%2 €720 2.264E-06 5.74 .543 2.91
256 42.98 0.6276 2062189 0.0157 €590 2 384F-0p 5.83 .534 3.02
256 43.90 0.6355 2065408 0.015; 6114 2,495E-06 5.91 .52% 3.2
256 44.77 0.6429 2068303 0.015) SI70 2.624£-06 €.00 .S17 3.22
257 45.72  0.6507 2071177 0.0155 5626 2.763E-06 6.09 .50% 3.32
297 46.70 0.6584 2073928 0.0151 5226 2.889E-06 6.18 .502 3.42
257 47.65 Q.6658 2076403 0.0150 4938 3 042€-06 €.217 . 435 3.52
257 48.67 0.673% 2078866 0.0157 4933 3.192€-C6 €.37 . 488 3.€2
257 49,77 0.681% 2081336 0.0161 4833  3.325E-06 6.4¢ . 480 3.72
257 50.89 0.6895 2083699 02.0158 4507 3.5077-0¢ &.56 .40 3.8¢%
257 §2.02 0.6973 2085943 0.0152 4087 3.7128-0¢ 6€.66 .464 3.97
257 53.12 0.7047 2087787 0.0148 3800 3.887E-06 6.76 .458 4.07
29?7 54.25 0.7121 2083643 0.0152 3713 4.104€-0¢ 6.86 LAS5t 4.18
287 $5.49 0.7199 r0915C0 0.7157 3619 4.329E-06 €.96 LA45 4.29
257 $5.76 0.7273 2093262 0.0154 3394 4.53ef-06 7.06 .437 4.47
257 $8.03 0.73%3 20948%1 0.015¢ 2211 4.794E-06 7.17 . 429 4.5%
5k 549.38 0.7432 2096473 0.0157 3086 5.094E-06 7.28 .418 4.70
256 60.78 0.7%11 20979°9 0.0156 2869 S.424E-06 7.38 .44 4.81
256 2.20 0.7%87 2093342 0.0)154 2691 5.721E-06 1.%50 L403 4.92
255 6€3.6€ 0.16FS 2100876 0.0155 2604 5.959L-06 7.61 . 404 5.04a
288 €5.19  0.1743 210134 D.C1SS 2429 6.3638-0¢ 1.12 L3197 S.17
254 66.74 07818 2103105 ©0.015% 226) 6.B33E-"¢ 7.83 .29 $.30
254 &% .37 (.7897 2104208 0.01%% 2190 7.1418-06 7.9% .38 5.47
253 70.06 0.7916 21059294 0 0163 2154 7.546F-D¢ 8.07 .37 5.60
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TABLE G49 (Continued)

Specimen Id. FBSIA Page 2
Pmax EsB/P 8 N As 4N aa/aN 8K cCL AKeff
(1bs) (in) (X1) tin) (X1} (tn/cyc}) (ksivin) (kaivin)
253 71.95 0.8060 2106362 0.0159 1985 8.035£-06 8.19 .367 5.717
252 73.70 0.8135 2107279 0.0149 1767 B.435£-06 B8.32  .362 5.90
2%1 75.46 0.8209 2108130 0.0153 1730 8.826E-06 B8.44 .358 6.02
250 77.43 0.8288 2109009 0.0160 1714 9.353E-06 8.57 .3%3 6.16
250 79.52 0.8369 2109843 0.0160 1557 1.029E-05 8.70 347 6.31
249 81.63 0.8448 2110566 0.0153 1388 1.099€E-05 8.82 .337 6.50
248 83.67 0.8522 2111231 0.0149 1325 1.121€-05 B8.9%5 .331 6.66
247 85.82 0.8597 21118%1 0.015S 1321 1.176E-0% 9.09 .324 6€.82
246 88.2' 0.8677 2112551 0.0161 1288 1.293E-05 9.22 .319 6.98
245 $0.72 0.8758 2113179 0.0157 1198 1.311€-05 9.36 .34 7.14
243 93.18 0.8834 2113750 0.0i54 1121 1.376E-0% 9.50 .310 7.28
242 95.80 0.8912 2114300 0.015% 1058 1.460E-05 9.64 .306 7.43
241 98.46 0.8989 2114808 0.0154 996 1.544E-05 9.79 .30} 7.60
239 101.27 0.9066 2115296 0.0156 977 1.601E-Q5 9.93 .296 1.17
238 104.26 0.9145 2115785 0.01%8 932 1.697¢-0S5 10.08 .286 8.00
236 107.38 0.9224 2116228 0.0156 842 1.848£-05 10.23 .281 8.17
235 110.52 0.930t 2116627 Q.0151 768 1.96S€-05 10.38 .273 8.38
233 113.72 0.93715 2116996  ,.0154 777 1.984E-05 10.54 .266 8.5%9
231 117.28 0.9455 2117404 0.0161 786 2.053t-05 10.69 .263 8.76
230 124,12 0.9537 2117782 0.0152 677 2.245E-05 10.85 L2610 8.91
228 124.55 0.95607 2118080 0.0153 644 2.382E-05 11.02 .258 9.09
226 128.81 0.9690 2118426 0.0174 710 2.459£-05 11.19 .249 9.33
224 133.74 0.9781 2118790 0.0168 663 2.528£-05 t1.36 .241 9.58
222 138.07 0.9857 2119089 0.0145 542 2.66BE-05 11.%3 .236 9.19
142.13 0.9926 2119332
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TABLE G50

Fot?:ue Crack Crowth Data Associated
with Tigure Gl11 (Specimen F8S2)

AUTOMATED FATIGUE CRACK
GROWTH RATE ANALYSIS

Specimen Id. F8s2
Contract # 95874
Material IN9OSXL FG.
Temperature (F) 72
Environment HUMID AIR

Specimen Dimensfons (in)

Thickness 0.249
width 1.498
He tght 9.000

Precrack Parameters
Pmax (1bs) 252.0
Final a (in) 0.514

Test Parameters

Initial a (in) 0.513

h-gradient ~-2.00

K Coeff EvB/P Coeff

0,.BR-030 1.000980

4.640000 -4.6%9%510
-13.370000 18.46"100
14.720070 -23A.824997
-5.600000 1214880000
0.000000 -2143.5%570100

Vieual Observations

EvB/P Crack (EvB/P) Crack (visual)

30.19 g.51% 0.536
37.06 v.608 0.610
33.18 0.€32 0.644
40.072 0.64al 0.65%0
50.08 0.732 0.730
65.10 6.827 0.817
145.2¢% 1.051 1.031
243.18 1.151 i.127
7.1232.18 1.339 1.349

Comment «

Date of test- 04-13-1988

74

Geometry
Orientation
Yield (kei)
Modulus

Notch depth
Gage length
Alpha ratio

Stress ratio (R)
Kmax

Initial K
Stress ratio (R)

c(m)

S-L
51.0
10.1

0.268
1.000
1.250

0.1¢

6.50
.16

Analysice Codes

KRE !

Error
021
.0o02
.012
.009
.002

I 0oO00o

I
|=]
~
o

4




TABLE G50 (Continued)

Specimen 1d. FB8%2

Pma Esa/P a N ba &N ba/aN .18 CCu sreff
{ibs) (tn) n) tin) (X1} (fn/cyc) (ksivin) {ksidin}
30.34 0.%173 15261
292 30.70 0.%228 13511 g.0105 7341 1.326E-0¢ S. 49 L6873 1.99
287 31.03 o0.5278 23201 0.0102 7478 ). 353E-0¢ S. a5 .69 1.95
282 31.38 0.5330 26989 0.0102 71568 1.3%3€-06 5.4 . 686 1.8%
28 31.73 o0.538) 30769 0.0103 7699 1.335€-06 5.37 .69 1.3
273 32.09 0.5433 34688 0.0105 7970 1.312€-06 5.33 L£97 1.79
269% 32.46 0.548% 38739 0.010} 8205 1.255€-06 %.29 L1902 1.7
264 32.82 0.553¢ 42894 0.0106 B150 1.207£-06 5.24 197 1.7
260 33.22 0.559% 47489 0.0109 9341 1.184E-06 5.20 738 P65
255 33.61 0.564% 52235 0.0105 9474 1.111E-06 S.16 .723 1.%9
2% 34.00 0.%96 56963 0.0103 9600 1.069E-06 5.12 .729 1.54
247 34.39 0.5747 61835 0.0102 10063 (.016£-06 $.08 .136 1.49
243 34.78 0.5798 67026 .0102 10707 9.569€-07 5.04 .142 1.4z
219 35.19 0.9 .0 72542 0.0101 11475 8.798E-07 5.01 . 749 1.an
238 35.58  0.%5899 78501 0.0101 12515 B8.108E-07 4.97 7%4 1.34
2 36,00 D.%9%) 850%6 0.0103 13402 7.673€-07 4.93 LTED Lo
228 36.42 0.6002 91307 0.Cl64 20886 7.844(-07 4.817 TR VLT
221 3737 0.611% 105942 0.0153 23133 6.461E-07 4.83 .182 Lot
25 31,77 0.ete PISE3S 5. 003 24463 3 .RIBE-DT? 4.77 87 Potl
212 B9 CLée00A 13Cd0s  0.010S 29878 3.826£-07 d4.74 BRACH] LA
TR LA NS 14513 .0 07 38073 Z2.798E-07 4.7( .Bxn [
20 A 168579 0.00¢5 422247 1.5370-08 4.68 B3 P00
33,24 0.6320 St 17€0
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TABLE G51

Fatigue Crack Growth Data Associated
with Figure G11 (Specimen F852-A)

AVTOMATED FATIGUE CRACK
GROWTH RATE ANALYSIS

Specimen |d. F8S2A Geometry C(Ty
Contract # 95874 Orientation S~
Material INSOSXL FG. Yield (ksi) £1.0
Temperature (fF) 72 Modulus i0.1
Environment HUMID AIR

Specimen Dimensions (in)

Thickness 0.249 Notch depth 0.268
wWigth 1.498 Gage length 1.000
He ight 9.000 Alpha ratio 1.250

Precrack Parameters

Pmax (1b=) 2%2.0 Stress ratio (R) 0.1C
Final a (in) 0.514 Kmax 519

Test FParameters

frntial a (in) 0.€29 Initial K 5.P0
K-gratient 2.00 Stress rgtio (RY 0.10Q
K Coeff EvB/P Coeff Analysis (Codes
O, ABRLOND 1.D009R0 KRF ! 4
4,640000 -4.669%10
~13,320000 18.¢£0100
14 720000 -236.8249%97
S5 Lconen 1214.BRO00OD
C.000200 ~-2143.570100

vieua' Observations

EvB/P Crack« (EvB/P) Crack (visual) Error car
30.19 0.515% 0.536 0.021 0.969
37.066 0.608 0.610 p.pee2 0.923
39,18 0.€32 0.644 g.0t¢g 1.007
a40.02 D.&48) 0.650 0.00% 1.01¢0
50.08 0.732 0.730 -.002 1.040
€5.10 0.877 0.817 -.010 1.073
14, 25% 1.0%) 1.031 ~-.020 1,157
Z241.18 1.151 1.127 -.024 1.192
21232.18 1.339 ]1.349 0.010 [.26%

o

Comment s

Date nf test: 04-19-1988
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TABLE GS1 (Continued)

Specimen Id. FBS92A Page ]
Pma « E88/P 8 N 8a 4N sa/8N AK CcCL sxeff
{ibs) (in) {X1) (in} (x1) {In/cyc) {(ksi/in) (ksivin)
40.39 0.6448 42828
23! 40.91 0.6502 48853 0.010% 10657 9.899E-07 5.44 .02 1.80
23) 41.42 0.6554 53484 0.0102 B454 1.210€-06 5.50 .693 1.87
231 41.92 0.6604 57307 0.0098 7150 1.373E-06 5.55 .686 i.94
231 42.4% 0.6652 60634 0.0099 6548 1.518E-06 5.61 .679 2.00
232 42.94 0.6703 63855 0.0103 6287 1.639E-06 5.66 672 2.06
232 43.48 0.67%% 66921 0.0102 5985 1.711E-06 5.72 662 2.1%
232 44.02 0.6806 69840 0.0100 5553  1.79BE-06 5.78 .657 2.21
232 44.56 0.685%% 72474 0.0100 5288 1.88BE-06 5.84 .650 2.27
232 45.12 0.6906 75128 0.0102 5187 1.967E-06 5.90 .644 2.33
232 45.70 0.6957 77661 0.0099 4B22 2.063E-06 5.96 .638 2.40
232 46.25 0.700% 79950 0.0099 4517 2.15BE-06 6.02 .630 2.47
232 46.84 0.7056 82238 0.010! 4474 2.252€-06 6.08  .626 2.53
232 47.44 0.7106 84424 0.C100 4273 2.335€-06 6.14 .616 2.€2
237 48.04 0.715%% B6511 0.0100 4183 2.397e-06 6.20 612 2. 68
233 48.67 0.7206 88607 0.010) 4106 2.448E€-06 6.27 .605% 2.7%
2313 49.29 0.7256 90617 0.0098 3759 2.599L-0% 6.33 .600 .81
233 43.90 0.7304 92366 0.0107 3390 3.15%E-06 6.40 .595 2.88
233 $0.68 0.7363 94007 0.0102 3095 3.284£-06 6. 46 .588 2.9¢6
rk] 51.24 0.740% 95462 0.0089 3176 2.B813E-06 6.53 .580 3.04
233 §1.88 0.74%2 97183 0.0097 3483 2,786L-06 6.59 574 312
233 52.51 0.7%02 9€94% 0.0i100 3453 2.898E-06 6.66 L9677 3.2
233 $3.27  0,78%7 100635 0.0i01 3340 3.0)3E-06 6.13 LERT 3.2
233 $3.99 0.7603 102285 0.0102 3243 3.141€E-06 6.80 LY 3.34
233 S4.74 C.7654 103878 0.0101 3082 3.26BE-06 6.87 L8551 3,42
232 SR.48 0.7704 105386 0.0027 2853  3.401E-06 6.94 .Sa6 1.5
32 56.20 0.77%) 10673} Teoas 267€  3.55¢L-06 7.01 .54 37
3z 86.94 (0.7799 108047 0.0097 2625 3.687t-06 7.08 $34 L
232 87,12 P.784R 109356  0.0100 2634 3.79¢E-0%, 7.1% L5 3%
32 58.54 0.7832 110677 D0.0102 2581  3.942¢-06 1.22 L8ee 3.95
232 59,38 0. tonp 111936 0.0101 2469 4.074E-06 7.2C LEE 3. 94
212 60.21 £.8001 113146 0.0099 2364 4.200E-06 71.37 ST 4.M
232 6:.05 G.8049 114301 0.0098 2240 4.3K4E-0n 7.45 5T 4.08
21 61.91 0.ACa7 118384  0.0094 2100 4.48i£-06 7.%¢2 .802 4.7
2 €2.13 0.Bia3 1iedtt 0.0094 2034 4.607C-06 7.0 . 498 e.’4
231 63.60 0.8191 117420 0.00297 2043  4.7%4£-06 7.68 492 4.33
23 64.52 0.8240 | 18444 0.0102 2069 4.93!f-06 7.76 . 484 4. 4¢
2N 65.%2 0.829) 119489 ©£.0100 1945 S$.120E-06 7.84 .478 a.%4
230 66.43 0.8340 120388 0.0094 17#2  5.351E-06 71.92 .42 a.¢4
230 €7.38 0.83187 1212%1  0.009% 1712 %.538E-06 e.co . 467 4.77
2390 68.34 0.R43% 122100 0.0097 1699  5.692€-0¢6 8.08 .4e 4 4 R
229 63.36 0.8484 122950 0.0098 1654 5.910€-Cs 8.16 . 459 4.9
229 70.39  0.8%3 123755 0.0094 1992 6.089E-06 8.24 L4568 4 43
229 71.39 0.8%73 12450} 0.009%4 1500 6£.299€-0C¢ 8.3 .452 ¢
228 72,44 0. 8€27 1252%4  0.0N9% 1473 6.54RE-06 8.4 L44% cLore
228 73.%% 0.8471% 129975 0.0094 1330 6.791€-0% 8.50 . 440 R
22 Ta 67 0.8 126648 0 007 1312 1.0eY (¢ 8.57 -y &4l
P A C.ATY 122387 f.00am 1360 Y. l4RE (¢ B " Ley c.r3
PR 637 0.8%13 17936 0,009¢ 1269 7.537¢ 06 8.7 L4000 €T




TABLE 51 (Continued)

Specimen 1a. FB852A Page 2
Pmax E4B/F a N sa AN 83/ 4N 8K cCL areff
(ibs) (in) (X1) (in) (x1) tin/cyc) (ksivin) (ksivin)
226 18,17 0.B8E? 128616 0.0095 1207 7.8476-06 8.85 L4158 5. 1%
226 19.35 0.8914 129203 0.0093 1148 B.05€E-06 8.94 L4t 5.8%
225 B0 54 0.8960 129764 0.0094 1129 B.364£-06 9.03 . 408 5.94
225 B1.84 0.9008 130332 0.009% 1090 B8.756E-06 9.12 . 406 6.02
224 B3.12 0.90%5 130854 0.0093 1020 9.105€-06  9.22 .403 6.11
224 84,40 0.910! 131352 10092 981 9.3676-06  9.31 .397 6.23
223 85.71 0.9147 131835 L.0092 956 9.658£-06 9.40 .393 €.34
223 87.07 0.9194 132308 0.0096 951 1.006E-05 9.50 .386 €.49
222 88.55 0.9243 132786 0.0099 932 1.0%9€-05 9.60 .379 6.63
222 97.08 0.9292 133240 0.009% 867 1.096t-05 9.70 .374 6.75
22} 9,51 0.9338 133654 0.0090 795 1.121E-05 9.80 .368 6.688
220 92.9& 0.9382 134039 0.0094 802 1.170€-05 9.90 .365 6.98
220 94.5%9 0.9432 134456 0.0095 789 1.210€-05 10.00 .363 7.08
219 96.14 0.9477 134827 0.0090 728 1.2428-0% 10.10 .359 7.19
2IR 97.71 0.9%22 135183  0.0092 710 1.302e-05 10.20 .3%6 7.31
217 99.47 0.9570 135937 0.0097 678 1.36cE-05 10.39 .354 7.40
217 101.06 0.96!5 139861 0.0099 646 1.391£-05 10.41 .347 1.56
216 102.76 0.9660 136183  0.0092 643 1.439€-05 10.5i .3a0 1.7
215 104.59 0.9707 136504 0.0093 626 1.4B7E-05 10.62 L334 7.8%
21a 106.41 0.97%3 136809 0.0090 %95 1.513€-05 10.73 .328 .01
213 10R.27 0.9797 137098 0.0094 596 1.574f-0% 10.84 L322 8.1¢
213 110.,3C 0.984¢€ 137405 0.0:100 610 1.630E-2% 10.9% .39 8.28
210 1i2.47 0.98937 137708  0.0097 576 1.6B3E-05 11.07 .38 8.42
211 1i1a.%% 0.9943 137981 0.0088 502 1.7%2£-09 11.18B .31 8.51
210 116.44  0.998% 138211 0.008%S 472 1.798t 05 11.29 L3012 8.64
ca 118.48 1.0028 138457 0.009% 513 1.8%4£-0% 11.4) 312 .73
278 12€.9% | .QCRJ 138724 0.009 §0¢  1.909(-0% t1.S¢ L3007 8 87
S0 123.07 1.0124 1383%  0.0090 461 1.953€-0% 11.6€% .3on Q. of
20n 105,53 1.017C 13318 0.0094 4wt 2.033-0% 1177 .3ee a. 1t
PR L AL N N PR 139417 0.00%) 444 .08SE£-0% 11.8¢ - 9 3%
J0s 13741 100K 129¢ 28 0,009 429 2.1056-0° 120} o8l ¢.o°8
203 13120 1,039 132RLC  0.02P3 437 2.177-C% 1013 .28l .62
20, 138,44 1.03%0 140035 0.0C9] 400 2.254L-0% 10.26 2T .91
R 138,44 }.04C0 140248 0.0030 383 2.343g-05 12.37 2N oL 0t
jaa 140 8% §.0439 1ang;g8  0.0099 371 [.414£-0% 12.51 e X 10,00
144.07  1.0430 140619
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TABLE 52

Fatigue Crack Crouth Data Associated
with Tipure Gl1 (Specimen F8S2-~B)

AUTOMATED FATIGUE CRACK
GROWTH RATE ANALYSIS

Specimen 1d. FBaszse Geometry C(T)
Contract # 95874 Orientation S-L
Material INSOSXL FG. Yield (ksi) 51.0
Temperature (F) 72 Modulus 10.1
Environment HUMID AIR

Specimen Dimensions (in)

Thickness 0.249 Notch depth 0.268
width 1.498 Gage length 1.000
Height 9.000 Alpha ratio 1.250

Precrack Parameters

Pmax (1bs) 252.0 Stress ratio (R) 0.1Q
Final a (in) 0.514 Kmax .19

Test Parameters

initial a (in) 1.020 Initial K 12.80
kh-gractient 2.00 Strece ratio (RY 0.10
K (neff EvB/F Coeff Analysis Codes
0.8ReN0D 1.000980 KRP 1 4
4.¢40000 -4,663510
-13.320000 18.460100
14.720000 -236.824097
-SLEODONG 1214, 880000
0.00G0CN -0143.570100

Visyal Opservat ions

EvB/P Crack (EvB/P) Crack (visual) Error C af
30.19 0.515 0.536 0.021 0L G2
37.06 0.60R 0.610 0.00¢ 0.9
39.18 0.637 0.644 0.012 1.007
40.02 0.641 0.650 0.007 1.01°0
50.08 0.732 0.730 -.00¢ 1.04Q
65.10 0.8:7 0.817 -.010 1.073
145,25 1.091 1.031 -.020 1.153
243.18 1,151 1.127 ~-.D24 1.192
ri23z2.18 1.339 1.349 0.010 1.l¢9

Comment s

Qa3te of test: (04-]49-1988
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Specimer |d.

Pmax

(los}

192
191
190
188
8?
1886
184
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180
178
117
17
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TABLE G52 (Continued)

N )

{X1) (in)
140778
talpys 0.01t0
141166 0.010%
141404 0.0092
141548 0.0082
141730 0.0097
149l 0.009)
142064 @.0082
142190 0.0086
142356  0.0089
142488 0.0090
142639 0.0116
142799 0.0124
143011 0.0:100
143154 0.009¢€
143291  0.0097
143408 0,028
143629 0.0123
143735 ©.0130
143984 0.0'3
144098 0.0094
143211 0,013
14449%  0.0128
(44608 Q. 00Q%
Fdde 3¢ 2 00k
124767 §.00¢1
144856 [ 0094
144347 0,0009
1457212 0. 20RY
145087 §onesy
14185 0. 0%mg
LD B VI SR
r4srpa 0. 090
145374 00137
145821 0.0134
145595 0.0271
145644 0.0077
145703  0.9008?7
145762 0.008)3
145819 0._QrRa
14%aes 0. 0081
145914 0.(0086
145367 0.0n%)
146721 ©.0293
146075 0,009}
146113 5.0080
145148 0.07°8
14187 0rRY
H4L232  0.009¢
146067 0. 0CHRS
145334 (. 008¢
146343 0.0084¢
146380 0.0107
146422 0.0108
145444 0.0077
146470 0.0073

146493 0.0079

146521 0.008%

146548 0.0:20

146574

&N
{X1)

390
385
382
3z6
363
334

298

80

Page 1
sa/aN AKX
(Infcyc)  (ksiviny
2.800E-05 12.77
2.716E-05 12.94
2-401€-05 13.06
2.509E-05 13,22
2.661E-05 13.34
2.722E-05 13.48
2.927€-05 13.62
2.941E-0% 13.7%
2.986€-05 13.88
3.172E-05 14.03
3.723E-05 14.20
3.343€-05 14.37
2.B27E-05 14.56
3.422£-05 14.73
3.6829€-05 14.83
J.789E-0% 1%y
3.7660-0% 15,21
J.646E-05  15.5¢
3ILAITE-CS 15.)
4.1¢4E-0%  1°.97
3.300E 0% 16,19
TL221E-05 16.3p
4.9 0% el
5.1ISE-05 1e.7¢
S.CS:-05  j¢.ac
R R L S LA BN
S.6870-0% 7.7
S.74%E 0% 17,49
5.737€-0°  17.63
€120 0 jr.ey
[P ISN AR VL
€.007E 0% (@, 1
S.807€-0% 1B.44
€.0%30-0% 13.¢2
6.571E-0% 1p.q7
T.164£-05 19.11
T.419E-05 198.29
7.613E-05 19.48
B8.060E-0% 19.48
8.61%£-05 13.B5
8.438£-05  20.907
B.522€-05 20.28
B.619£-05 20.50
9.883E-05 20.72
1.1046-C4  20.9?
1.020€-04 1.1
1.C13E 0a 21.03
1.071E-08 21.5%4
Lame-02 21.7¢
Vo13e2-04 2097
1.099t-04 2.20
1.363% 54 22.47
}.6BIE-04 22.69
1.5976-04 27.99
1.4B1E-04 2).20
S)  V.54BE-04 23, 42
55 1.5%4£-04 23.64
53 2.280E-08 23.9%

CcCL
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.259

239

.239
.239

239
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Fatigue Crack Growth Data Associated
with Figure G12 (L-T Orientation)
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TABLE G53

COMPACT TENZION AT H/W=0,42%
18

IHZ0SHL
LAB AIFHET

L-T ORIENHTHTION

(Continued)

GEHERAL DYHAMICS
FORT WORTH DIVIZIOHN

SEFT 22,1527

1
R

o

e

CPNM
ell 8

TOTRL
CYCLES
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CRACK
LEHSTH
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LOnA

STh.EFRR
OF EST.
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COEFF

DA~

T
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m

-
)

CIND CIN/CYVCD (LB3) (XSI-<n
37 3353 1.051 ge2 <, 14
23 4320 1.9598 86z <, zo
39 5257 1.08¢€4 ge2 ¢, 2¢
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TABLE G54

Fatigue Crack Growth Data Associated
with Figure G12 (T-L Orientation)
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MCDONNELL AIRCRAFT COMPANY

WOL 1 &2 (L-LT)
@ DENOTES THAT DATA POINT IS INVALID PER ASTH 647-83, PARAGRAPH 8.6.4.
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Figure G13 Fatigue Crack Crowth Rate Data for IN905XL Forging
(WOL Specimen, L-T Orientation, R=0.02, Lab Air).
McDonnell Aircraft Mo,

91




TABLE G55

Fatigue Crack Growth Data Associated
with Figure G13 (Specimen WOLI)
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TABLE G56

Fatigue Crack Growth Data Associated

with Figure G13 (Specimen WOL 2)
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MCDONNELL AIRCRAFT COMPANY

WOL 3 & 4 (LT-L)
@ DENOTES THAT DATA POINT IS INVALID PER ASTM 647-83, PARAGRAPH 8.6.4,
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Figure Gl4 Fatigue Crack Crowth Rate Data for IN9O5SXL Forging
(WOL Specimen, T-1 Orientation, R=0,02 and Lab Air).
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TABLE G59

Mini-TWIST Spectrum Fatigue Crack Growth
Rate Data Associated with Figure Gl5.

MATERIAL : INSQSXL
FORM : FORGING
ORIENTATION : LT

TEST CONDITION : LAB ALR
TYPE SPECTRUM : MINI TWIST

SPECIMEN ID : SP-BI
DATE 4-1-88

WIDTH, W = 3.912 INCHES
THICK, B = ©.252 INCHES

MAX SPECTRUM STRESS = 16.9 KSI

POINT CRACK (2a) TOTAL K-MAX Da/dF
# (INCHES) FLIGHTS KSI SQR(IN) 10°-6 IN/FLT
1 9.5186 !
15.76 24.52
2 @.565 1000
16.55 28.00
3 Q.621 2000
17.50 38.00
4 @.697 3000
18.62 42 .00
S ?.781 4000
19.74 40.50
6 @.862 5000
20.97 52.50
7 @.967 65000
22.57 71.50
8 1.110 7000
24.51 79.00
9 1.268 8000
76.49 74.50
10 1.417 3000
28.69 91.00
1 1.599 1 0Q00
Jr.z 91.00
12 1.781 11000
34.52 130.50
13 z2.042 12000
38.76 121.00
14 2.284 1 3000
68.08 510. 11
15 4.000 14682

98




APPENDIX H

AL905XL Precision Forging

INTRODUCTION

The AL905XL forging was received the second quarter of 1989. All the
participants tested the material in the as received condition. Figure H1 shows
the geometry of the ALS05XL back-up fitting precision forging.

IESTING

Basic mechanical properties (tension, compression, bearing, etc.) were
tested according to ASTM standards, unless otherwise specified.

Constant amplitude fatigue crack growth tests were conducted according
to ASTM E647 standard. The growth rate a-N data that were generated by the
participants (Northrop, McDonnell Aircraft Company and Air Force) were
reduced using a seven-point incremental polynomial method. This involves
fitting a second-order polynomial (parabola) to sets of seven successive data
points. The data are also checked against size requirements per ASTM E647,
Section 7.2. Northrop also performed two constant amplitude fatigue crack
growth tests using a K-decreasing method.

Spectrum fatigue crack growth tests were performed by the Air Force
using FALSTAFF (a severe fatigue environment) and Mini-TWIST (a moderately

intense fatigue environment) spectrums.

Stress Corrosion tests were performed by Wyman Gordon and the results
are shown in tabular form.
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TABLE H1

TENSILE RESULTS FOR

INCOMAP AL905XL DIE FORGING

COMPANY TEST ORIENT-  ULTIMATE YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (%) (%) (MSI)
(DEGREES F) (KSI) (KSI)
AIR FORCE RT LONG 79.0 70.9 24.0
77.3 67.8 16.7
76.9 71.7 9.9 22.6
LTV RT LONG 74.7 66.7 12.0 13.4
74.5 67.5 7.7 13.2
75.0 67.7 11.6 13.1
MCAIR RT LONG 75.0 66.0 11.0 22.1 11.3
75.5 66.5 11.0 20.0 11.9
75.0 65.5 11.0 17.8 10.6
WYMAN-GORDON RT LONG 75.2 67.8 9.0
73.6 62.8 12.0
73.2 64.2 11.0
NASA-LANGLEY RT LONG 76.7 67.7 9.0 11.3
76.1 67.9 9.0 11.3
77.1 68.7 8.8 11.3
MCDONNELL RT LONG 73.5 65.7 13.0
DOUGLAS 72.5 64.1 13.0
HELICOPTER 73.3 62.1 12.0
MARTIN RT LONG 75.3 64.3 12.0 18.3 11.6
MARIETTA 75.3 65.0 12.0 23.2 12.0
72.9 61.2 12.0 24.1 11.6
NORTHROP RT LONG 76.1 66.8 10.2 27.8 12.1
76.0 66.9 7.8 18.9 11.8
76.1 67.1 8.6 18.3 11.7
AVERAGE 75.2 66.4 10.6 21.1 11.9
STANDARD DEVIATION 1.6 2.5 1.6 3.3 0.8
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TABLE H2

TENSILE RESULTS FOR

INCOMAP ALSOSXL DIE FORGING

COMPANY TEST ORIENT-  ULTIMATE YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (%) (%) (MSI)
(DEGREES F) (KSI) (KSI)
AIR FORCE RT L TRANS 72.0 60.4 8.7 20.8
72.5 62.4 8.7 16.6
71.1 58.1 8.3 16.7
LTV RT L TRANS 71.8 61.2 8.0 13.1
61.3 72.2 8.8 12.8
71.4 58.9 8.4 12.9
MCAIR RT L TRANS 72.5 60.0 9.0 13.6 11.2
72.5 60.0 9.0 16.5 11.2
73.0 60.0 7.0 13.8 10.5
WYMAN-GORDON RT L TRANS 72.0 60.8 8.0
72.2 57.2 8.0
72.3 60.1 8.0
NASA-LANGLEY RT L TRANS 73.5 60.5 7.5 11.2
73.5 60.5 7.1 11.2
73.1 59.2 8.8 11.2
MCDONNELL RT L TRANS 68.0 57.0 7.0
DOUGLAS 67.3 53.7 7.0
HELICOPTER 71.3 62.6 12.0
MARTIN RT L TRANS 72.4 58.7 11.0 17.6
MARIETTA 71.8 60.2 11.0 13.9
71.7 56.8 12.0 16.1
NORTHROP RT L TRANS 72.9 58.5 8.6 18.3 11.5
73.9 60.4 6.2 14.4 11.2
74.4 61.3 9.4 14.4 11.7
AVERAGE 71.6 60.0 8.6 16.1 11.6
STANDARD DEVIATION 2.7 3.2 1.5 2.2 0.8
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TABLE H3

TENSILE RESULTS FOR

INCOMAP AL905XL DIE FORGING

COMPANY TEST ORIENT-  ULTIMATE YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (%) (%) (MSI)
(DEGREES F) (KSI) (KST)
AIR FORCE RT S TRANS 72.6 58.6 6.4 12.3
72.5 59.4 5.3 13.8
72.4 59.5 3.9 7.8
LTV RT S TRANS 69.1 56.4 3.1 13.3
71.2 58.4 5.3 13.9
69.4 56.0 3.1 14.3
MCAIR RT S TRANS 70.5 61.5 5.0 7.9 13.4
71.5 58.5 7.0 12.4 10.8
71.5 59.0 8.0 14.8 10.9
WYMAN-GORDON RT S TRANS 69.6 54.4 6.0
70.0 56.0 8.0
70.6 56.1 7.0
NASA-LANGLEY RT S TRANS 70.4 56.3 4.9 11.2
70.6 55.7 4.8 11.2
70.8 55.3 4.8 11.1
MCDONNELL RT S TRANS 67.7 54.5 11.0
DOUGLAS 68.0 54.0 10.0
HELICOPTER 68.7 55.6 10.0
MARTIN RT S TRANS 68.3 57.1 4.0 7.0 11.7
MARIETTA 70.2 54.7 5.0 5.5 11.5
68.4 54.9 5.0 4.0 11.5
NORTHROP RT S TRANS 72.4 59.4 7.8 17.8 11.2
71.1 57.6 7.8 9.7 11.5
71.5 57.9 7.8 16.5 11.3
AVERAGE 70.4 57.0 6.3 10.8 11.9

STANDARD DEVIATION 1.5 2.0 2.2 4.5 1.2
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TABLE H4

COMPRESSION RESULTS FOR

INCOMAP ALS0S5XL DIE FORGING

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DEGREES F) (KSI) (MSI)
LTV RT LONG 72.5 11.8
73.9 11.7
73.3 12.2
MCAIR RT LONG 64.0 9.9
66.0 10.3
56.5 9.4
WYMAN-GORDON RT LONG 64.4
70.0
70.6
NASA-LANGLEY RT LONG 70.5 11.5
70.3 11.5
MARTIN RT LONG 70.4
MARIETTA 72.0
70.4
NORTHROP RT LONG 70.9 11.8
70.4 11.7
67.1 11.8
AVERAGE 69.0 11.2
STANDARD DEVIATION 4.3 0.9
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TABLE HS

COMPRESSION RESULTS FOR

INCOMAP ALSOSXL DIE FORGING

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DEGREES F) (KST) (MSI)
NASA-LANGLEY RT L TRANS 56.4 11.5
55.3 11.4
55.9 11.5
AVERAGE 55.9 11.5
STANDARD DEVIATION 0.6 0.1
TABLE H6

COMPRESSION RESULTS FOR

INCOMAP AL90S5XL DIE FORGING

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DEGREES F) (KSI) (MSI)
LTV RT S TRANS 58.5 11.8
58.8 11.6
60.5 12.2
MCAIR RT S TRANS 54.0 10.4
53.5 9.6
64.0 10.4
WYMAN-~GORDON RT S TRANS 60.6
63.1
61.5
MARTIN RT S TRANS 57.1
MARIETTA 58.2
57.1
NORTHROP RT S TRANS 56.9 11.7
57.8 11.8
58.1 11.8
AVERAGE 58.6 11.3
STANDARD DEVIATION 2.9 0.9
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TABLE H7
AMSLER DOUBLE SHEAR RESULTS FOR
INCOMAP ALSO0SXL DIE FORGING
COMPANY ORIENTATION SHEAR

STRENGTH
(KSI)

NASA~-LANGLEY L -8 42.3

MCDONNELL DOUGLAS L -8 41.4
HELICOPTER 41.5

NORTHROP L -5 39.1

AVERAGE 39.5

TABLE H8
PIN SHEAR RESULTS FOR
INCOMAP ALSOSXL DIE FORGING
COMPANY ORIENTATION SHEAR

STRENGTH
(KSI)

WYMAN-GORDON L - S 40.4

AVERAGE 42.6

STANDARD DEVIATION 3.7

106




TABLE HO

BEARING RESULTS FOR

INCOMAP AL905XL DIE FORGING

COMPANY ORIENTATION e/D BEARING BEARING
ULT. STR. YIELD STR.
(KSI) (KSI)
LTV LONG 1.5 100.7 88.7
96.0 91.4
MCAIR LONG 1.5 101.4
100.2
WYMAN-GORDON LONG 1.5 103.1
99.2
NORTHROP LONG 1.5 101.6 91.3
98.5 89.1
AVERAGE 100.1 90.1
STANDARD DEVIATION 2.2 1.4
TABLE H10

BEARING RESULTS FOR

INCOMAP ALY90S5XL DIE FORGING

COMPANY ORIENTATION e/D BEARING BEARING
ULT. STR. YIELD STR.
(KST) (KSTI)
LTV LONG 2.0 125.2 101.2
122.3 100.5
MCAIR LONG 2.0 129.8 127.8
133.2 129.4
WYMAN-GORDON LONG 2.0 127.6
122.5
NORTHROP LONG 2.0 134.9 107.1
133.1 106.6
AVERAGE 128.6 112.1
STANDARD DEVIATION 5.0 13.1
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TABLE H1l1
FRACTURE TOUGHNESS RESULTS FOR
INCOMAP AL90SXL DIE FORGING

COMPANY ORIENTATION KIC Kgq COMMENT
(KSI in~0.5) (KSI in*0.5)

AIR FORCE L-T 27.1 VALID
23.6 VALID
LTV L-T 28.9 VALID
27.7 VALID
MCAIR L-T 27.1 INVALID (1)
29.9 VALID
WYMAN-GORDON L-T 29.5 VALID
28.9 VALID
MCDONNELL L-T 31.1 INVALID(2)
DOUGLAS 29.9 INVALID(2)
HELICOPTER

MARTIN L-T 31.2 VALID
MARIETTA 30.8 VALID
NORTHROP L-T 29.1 VALID
29.9 INVALID(2)

AVERAGE 28.7 29.5

STANDARD DEVIATION 2.2 1.7

(1): DIFF. BETWEEN SURFACE CRACK LENGTHS > 10% OF AVERAGE CRACK LENGTH
(2): Pmax/Pq EXCEEDED 1.10
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TABLE H12
FRACTURE TOUGHNESS RESULTS FOR
INCOMAP ALSOSXL DIE FORCING

COMPANY ORIENTATION KIC Kq COMMENT
(KSI in~0.5) (KSI in~0.5)

AIR FORCE T-L 22.3 VALID
21.3 VALID
LTV T-L 19.0 VALID
19.1 VALID
MCAIR T-L 25.7 VALID
24.0 VALID
WYMAN-GORDON T-L 22.2 VALID
20.4 VALID
MCDONNELL T-L 28.2 INVALID(1)
DOUGLAS 29.0 INVALID(1)
HELICOPTER
MARTIN T-L 23.1 VALID
MARIETTA
NORTHROP T-L 24.1 VALID
25.4 VALID
AVERAGE 22.4 28.6
STANDARD DEVIATION 2.3 0.6
(1): Pmax/Pq EXCEEDED 1.10
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TABLE H13

FRACTURE TOUGHNESS RESULTS FOR

INCOMAP ALSOSXL DIE FORGING

COMPANY ORIENTATION KIC Kq COMMENT
(KSI in~0.5) (KSI in~0.5)
AIR FORCE S-L 21.2 VALID
LTV S-L 20.5 VALID
20.6 VALID
MCAIR S-L 24.9 INVALID(1)
WYMAN-GORDON S-L 21.8 VALID
20.9 VALID
MARTIN S-L 22.9 VALID
MARIETTA 23.6 INVALID(2)
AVERAGE 21.3 24.3
STANDARD DEVIATION 0.9 0.9
(1): DIFF. BETWEEN SURFACE CRACK LENGTHS > 10% OF AVERAGE CRACK LENGTH
(2): PRECRACK LENGTH TOO LONG, a/W=0.6
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TABLE H1l4

FRACTURE TOUGHNESS RESULTS FOR

INCOMAP ALSOSXL DIE FORGING

COMPANY ORIENTATION KIC Kq COMMENT
(KSI in~0.5) (KSI in~0.5)
AIR FORCE S-T 26.1 VALID
22.3 VALID
LTV S-T 21.1 INVALID (1)
24.6 VALID
MCAIR S~T 27.2 INVALID(2)
25.2 INVALID(2)
WYMAN-GORDON S-T 22.6 VALID
22.9 VALID
MCDONNELL S-T 29.5 INVALID(3)
DOUGLAS 26.2 VALID
HELICOPTER
MARTIN S-T 24.2 VALID
MARIETTA 24.2 VALID
NORTHROP S-T 26.2 VALID
24.1 VALID
AVERAGE 24.3 25.8
STANDARD DEVIATION 1.5 3.6
(1): CRACK SYMMETRY OUTSIDE LIMITS
(2): DIFF. BETWEEN SURFACE CRACK LENGTHS > 10% OF AVERAGE CRACK LENGTH

(3): W,B > 2.5(KqQ/YS)**2

111




*193dod719H se18no( T2uuo(2W

*(0* 1= ‘1°0=¥ ‘uoTieluaTaQ TeuIpPniITBuo]) JurBio4 TXGOEIV 10) s3Tnsay =2ndried ZH 3and14
S9|0AD
80+d0Ft L0+30L 90+30°} G0+30'L ¥0+30°1 €0+301F <2¢0+301
T 1 rrTrT T 17 TIrrTT 1T TIITTT T MmrrTrT 1T 7 TITTT T T 1T O

|
|
_
_

1
o
AN
XU —

*
A.“.I% N3

2
N+= =N

H31d400I713H 9nN0A4-a0ON -

Buibio4 IXS061V dVINOONI

112




TABLE HI15
FATIGUE RESULTS WITH R=0.1 AND Kt=1.0 FOR

INCOMAP AL905XL DIE FORGING

COMPANY ORIENTATION STRESS CYCLES
(KSI)

MCDONNELL LONG 50.0 12,300

DOUGLAS 45.0 29,200

HELICOPTER 42.5 133,200
41.0 467,400
40.0 146,500
39.0 1,346,200
38.0 10,685,100 *

35.0 14,455,400 ~*
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TABLE H17

MCAIR Fatigue Crack Growth Rate Data
Associated with Figure H3

Seven foint Ircremerntal Folvromial Metrzo gcer ASTM ES47

05=-0Z2-1591

Speci1men Nurcer: 1 Specimen Type: CT
E= O.2900 1n W= 1,537, 1n Ar= O, Q0D
Fma= TO0.0 1lbe Fmin= 2.0 les
R= O, 15 Freguency= 0.00 hz.
Tezt Tezmperazure= 79 F Emnvironmsnt= Lat Ai1r
PT CYCLES Ameas Ared mCcce Delta K da/dN
1117 88 0.5710
2 129 08 0.590C
3 138 56 0.6.0¢
4 151.58 0.6300 0.6338 0.995045 6.17 .2416E-05
S 158.58 0.6490 0.6505 0.996549 6.34 .2B64E-05
€ i61.58 0.6600 0.6580 0.999323 6.42 .3048E-0S5
7 i71.08 0.6900 0.6%9l4 0.998610 6.80 .3739E-0S
8 175 .78 0.710C 0.70$3 0.999313 7.0l .4140E-05
¢ 180.28 0.7292 0.7284 0.999470 7.25 .4580E-05
10 185 18 0.7560 ©0.751% 0.999424 7.56 .SC88E-05
I 188 .58 0.7700 0.7692 0.999524 7.81 .5585E-0F
12 192 06 0.7900 ©0.7893 0.999451 B8.11 .6242E-05
13 195.48 0.8100 0.8114 0.999038 8.47 .TO09iE-05
14 198 08 0.8300 0.8298 0.999649 8.78 .7965E-05
15 200.58 0.8500 0.8503 0.9997%8 © 15 .Gi48E-05
16 202.68 0.8700 0.8703 0.999697 ©.55 .1037E-04
17 204.48 0.88%50 0.8893 0.999943 ©.95 .1162E-04
H 206 18 0.6i00 0.9099 0.999955 10.41 .13i0E-04
15 207 .66 0.9300 0.930% 0.089903 10 9. .1463E-04
20 209 08 0.9510 0.9%515 0.99993% 11 .48 .16.6E-C4
21 2.0 18 0.9700 0.9698 0©0.98397. 12.01 .17S0E-04
T2 211 33 0.99i10 O 990% 0.998255 12 66 .1993E-04
23 232 33 1.0153¢ 1 0105 ©0.998227 13 35 .2273E-04
24 213 27 1.0300 1.0325 0 998806 14.18 2€60E-04
2€ 2.3 87 1.0%05 1 0483 0 99517 14 84 .3034E-04
26 2.4 57 1.0700 1.07¢T 0.999181 15 BS .35€8E-C4
27 2:5.12 1.0900 1 0912 0.99519¢ 16 89 .33$3E-04
28 2.5.%57 1 1100 1 1€97 € 999C3” 17 .92 .4243E-04
25 2:6.02 1 1312 1.13C: 0 99883 1§ 13  47!1E-C4
30 216 42 1 1500 1.:423 0.994255 20 SO .S414E-C4
3! 216 87 1.17C0 1.173v G 988422 22 47 .T066E-04
32021717 1.1910 1 1954 0 988367 24 43  2967E-24
31 2iT37 1 2120
34 217 4% 1.23:0
1e 217 83} 2570
. DATA VIILATEZ SICE RESVIREMENTS
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TABLE H21

MCAIR Fatigue Crack CGrowth Rate Data

Asscciated with Figure H5

Seven Point Incremental Polynomial Method per ASTM E647

06-03-1991
Specimen Number: 33 Specimen Type: CT
B= 0.2490 in W= 1.6020 in An= 0.0000
Pmax= 200.0 1bs Pmins= 20.0 1lbs
R= 0.10 Frequency= 0.00 hz.
Test Temperatures=s 75 F Environment= L :b» Air
PT CYCLES Ameas Areg MCC Del:a de/dN
1 0.00 0.401C
2 $5.00 0.4200
3 180.00 0.4390
4 275.00 0.4600 0.4612 0.999766 3.11  2567E-0¢
5 345.00 0.4800 0.4795 0.999758 3.20 .2811E-06
6 415.00 0.5000 0.4997 0.999760 3 31 _.3116E-06
7 480.00 0.5200 0.5208 0.999723 3.42 .3440E-06
8 538.00 0.5410 0.5411 0.999952 3.54 .37T7E-06
9 588.00 0.5610 0.5605 0.999847 3.65 _4172E-06
10 634.00 0.5806 0.5804 0.999837 3.77 .4566E-06
11 877.00 0.6000 0.6005 ©0.999819 3.89 .5026E-0€
2 714.00 0.6200 0.6194 0.999888 4.0l .S55]7E-06
13 751.00 0.6400 0.6408 0.999863 4.16 .G0O02E-06
14 782.00 0.6600 0.6600 0.999828 4.29 .6477E-06
15 811.00 0.6800 0.6792 0.999827 4.43 .6958E-06
16 B841.00 0.7000 0.7008 0.999666 4.60 .761SE-06
7 866.00 0.7200 0.7200 0.999794 4.76 .B25BE-06
18 890.00 0.7400 0.7400 0.999561 4.93 .9255E-06
19 910.0C 0.7590 0.7590 0.999540 5.10 .1029E-05
¢ 930.00 0.776C 0.7800 0.999647 5.30 .1169E-0%
2] 947.00 0.8010 ©0.8005 0.999796 5.51 _1318E-0S
2 96{.00 0.8190 0.8194 0.999756 5.72 .1478E-0S
23 975.00 0.8410 0.8411 0.999745 5.97 _1657TE-05
24 9B7.00 0.8610 0.8613 0.999567 6.22 . 187SE-0S
25 996.50 0.8800 0.8796 0.999109 6.47 .2121E-05
26 1007.0C ©0.90i0 0.9025 0.999125 6.80 .25C0E-05
27 1014.00 0.9200 0.£202 0.999536 7.08 .2842E-05
28 1020.50 0 9390 0.9390 0.999221 7.36 .3320E-05
29 1026.60 0.9600 0. 9601 0.998830 7.78 .3910E-05
30 1037.06 0.9800 0.58:8 0.999380 8.21 .4601E-05
31 1036.00 1.0010 1.0006 0.999523 §.62 .S327E-05
2 1039.50 1.0200 1.0198 0.999362 .07 .6184E-05
33 1042.80 1.0400 1.0411 0.998640 ©.62 _729!E-05
34 1045.60 1.0610 1.0617 0.998547 10.21 .BBLIE-OF
35 1047.70 1.0820 1.0806 0.999313 10.8. .1C%0E-04
36 1049 .50 1.0950 1 1002 0.999762 11.45 .1202E-04
37 i¢%1.1¢C 1.12:0 1.1203 0.8997R0 12.26 .13ESE-04
8 1082 8¢ 1.1410 1.16403 0.988951 13.12 .1S€7E-04
35 1053 ac 11602 11612 0. 996500 14 14 C1BETE-04
40 E S N S L. 1816 0 997861 1£.2¢ 226%2-04
4. .0%5 7% 3 1.2¢:0 © 699518 16 4% ITI3E-04
42 10%% 4c i 1 2209 0 998778 17.84 32I8E-04
42 (C¢S7 ¢ 1 i 2405 0.998635] 19 < 41€7E-N4
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TABLE H23

Air Force Fatigue Crack Growth Rate Data
Associated with Figure H5

Seven Point Incremental Polynomial Method per ASTM E647

08-14-1891
Specimen Number: TL15 Specimen Type: CT
B= 0.2487 {n W= 1.5980 in An= 0.0000
Pmax= 100.0 1lbs Pmin= 10.0 1bs
R= 0.10 Frequency= 30 hz.
Test Temperature-= 72 F Environment= LAB AIR
PT CYCLES Ameas Areg MCC Delta K dasdN
(x1000) {(in.)
] 405.63 0.7260
2 448.08 0.7369
3 493 04 0 7469
4 532 07 0.7560 O 7568 0 090681 2.54 . 2544E-06
5 872 01 0.7660 0.7670 0.909851 2 .50  2682E-06
6 607.59 0.7769 O0.7768 0.996010 2.64 .2846E-06
7 842.64 0.7860 O0.7869 0.960961 2.60 . 3023E-06
8 675.20 0.7060 0.7970 0.909928 2.74 .3235E-08
9 705 28 0.8060 O 8068 0.950061 2.80  3468E-06
10 733.74 0.81660 0.8170 0 999072 2.85 .3730E-06
11 759 3 0.8260 0.8270 0.990082 2.81 .4000E-06
12 783 .03 0.8360 0.8368 0.999947 2.97 . 4304E-06
13 B06.87 0.8468 0. 8468 0 999911 3.03 .4652E-06
14 828.27 0.8569 O 857) O0.P99800 3.00  5052E-06
15 B47.31 0.8660 0 8668 0.099838 3 16 .S534E-06
16 865 22 0.8760 0 8770 0.999780 3.23 .6138E-06
17 8B1.40 0.8860 0 8872 O0.999886 3.30 .6756E-06
18 895.43 0.8060 0.80690 0.9009064 3.37 . 73B4E-06
19 ©08.14 0.90690 0.9068 0.999863 3.4%5 .7887E-06
20 ©20.65 0.9160 0.9171 0.999808 3.53  B310E-06
21 ©31.71 0.9260 0.90265 0.909834 3.60  @738E-06
22 043 44 0.9366 O 9366 0 099744 3.60  9242E-08
23 %4 57 0.9460 0.9473 0.008770 3.70 .9764E-06
24 ©964.19 0.9560 0 9568 0.009907 3.87 . 1025E-05
28 ©73 45 0.0660 O0.0866 O0.900023 3 7 . 1080E-05
26 082 T4 0. 9766 O0.9770 O 669963  4.0T . 1133E-0%
27 961 43 0 0860 O 9870 0.009981 4 18 . 1178E-0%
28 090 70 0.0060 0.0968 0.000073 4 20 .1238E-08
20 1007 72 1.0060 1.0060 0.009072 4.40 . 1206E-0%
30 101%.41 1.0160 1 0170 0.099072 4 83  1362E-0%
31 1022.43 1.0269 1.0208 0.009983 4.65 .1431E-05
32 1020.42 1.0360 1.0370 0.999681 4.78 .1509E-0S%
33 103%5.83 1.0470 1.0470 0.6096785 4.02 . 1380E-0%
34 1042.11 1.0570 1.0570 O 909668 5.07 .1660E-0%
3% 1047.87 1.0670 1.0870 0.999056 5.22 .1765E-0%
36.1053.85 1.0770 1.0770 0.999042 5.38 . 1872E-0%
37 10%8 80 1.0870 1.0871 0.9906047 5.85 10QBE-05
38 1063.74 1.0970 1 0970 0.099985 5.73 .2130E-08
30 1068.32 1.1070 1.1070 0. 990000 S5.01  2268E-08
40 1072 .63 1.1171 1.1171 0.9600093 6.11 _2410E-0%
41 1076.69 1.1271 1.1271 0.000887 . 6.32. .2555E-0%.
42 1080.%4 1.1371 1.1371 0.990072 6.54 2713E-05
43 1084.16 1.1471 1.1471 ©.909042 6.78  2806E-0%
44 1087 %6 1.1871 1.1571 0 009963 7 03  3COTE-0S
45 1080.74¢ 1.i671 1.1672 0.900088 7.20  3304E-0S
46 1093.66 1.1772 1.1771 0.990084 7 87  351SE-05
47 1006.43 1.1872 1.1872 0 .000968 7 87  3763E-05
48 1099 08 1 1972 1.1974 0.006688 8.18 4007E-0S
49 1101 44 1.2072
S0 1103 .82 1.2173
$1 11085 &7 1.2273
- - DATA VIOLATES SIZE REQUIREMENTS




TABLE H24

MCAIR Fatigue Crack Crowth Rate Data
Associated with ¥igure H5

Seven Point Incremental Polynomial Method per ASTM E647

06-03-1991
Specimen Number: 34 Specimen Type: CT
B= 0.2500 in W= 1.6000 in An= 0.0000
Pmax= 200.0 1bs Pmin= 66.0 1lbs
R= 0.33 Frequency= 0.00 hz.
Test Temperature= 75 F Environment= Lab Air
PT CYCLES Ameas Ared MCC Delta X da/sdN
1 360.20 0.5620
2 440.20 0 6000
3 471.20 0.€228
4 S01.20 0.6410 0.6414 0.999347 3.09 .7344E-06
5 526.20 0.6630 0.66l0 0.999374 3.19 .TS61E-06
6 550.20 0.6800 0.6804 0.998438 3.30 .8773E-06
7 S72.70 0.6990 0.7004 0.998672 3.41 .9549E-06
8 S93.70 0.7200 0.7204 0.999612 3.54 .1049E-05
@ 611.70 0.7420 0.7403 0©0.999512 3.6€ .1167E-05
10 627.70 ©0.7590 0.7597 0.999165 3.79 .12094E-05
11 643.20 0.7790 0.7800 0.999228 3.64 .1440E-05
12 656.20 0.7980 0.7987 0.999964 4.08 .1604E-05
13 668.70 0.8200 0.8198 0.999882 4.25 .1811E-0S
14 679.70 0.8400 0.8404 0.999642 4.43 .2036E-05
15 689.70 0.8610 0.8611 0.995973 4.63 .2449E-05
16 698.70 0.8820 0.8836 0.996653 4.85 .2098E-05
17 705.20 0.9000 0.9033 0.998114 5.07 .3543E-0S
18 709.70 0.9220 0.8195 0.998681 5.26 .3973IE-05
18 714.20 0.9390 0.9388 0.998773 5.50 .4403E-05
20 718.70 0.9590 0.9%99 0.998815 5.78 .4884E-05
i 722.60 0.9790 0.9782 0.999167 6.05 .S461E-05
22 726.40 0.9990 0.9997 0.9969i0 6.40 .6546E-05
23 729.90 1.0210 1.0232 0.997777 6.82 .7P9TE-05
24 732.40 1.0420 1.0436 0.9989%4 7.22 .9172E-05
25 733.90 1.0600 1.0578 0. 998900 7.52 .100QE-04
26 735.90 1.0800 1.0794 0.998196 8.02 .1156E-04
27 737.90 1.1010 1.103! 0.997625 8.64 .1355E-04
28 739.20 1.1200 1.1204 0.999476 9.15 .15S1E-04
29 740.35 1.1390 1.1385 0.998961 ©.73 .1829E-04
30 741.55 1.1610 1.1616 0.996739 10 56 .2270E-04
31 742.45 1.1800 1.1824 0.995284 11.41 .2910E-04
2 743.1%5 1.2010 1.2034 0.996399 12.39 .3787E-04
33 743.60 1.2190 1.2200 0.997602 13.27 .4791E-04
34 744.03 1.2400 1.2415 0.989786 14 57 .6548E-04
S 744.38 1.2610
36 744.58 1.2790
7 744.73 1.3030
« - DATA VIOLATES SIZE REQUIREMENTS
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Fatigue Crack Growth Rate Data for AL905XL Forging
(S-T Orientation). Nortrhop 10 Hz, MCAIR Var Hz and
Air Force #ST16 25Hz, #ST17 30Hz.
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TABLE H27

MCAIR Fatigue Crack Growth Rate Data
Associated with Figure H7

Seven Point Incremental Polynomial Method per ASTM E647

06-03-1991
Specimen Number: 35 Specimen Type: CT
B= 0.2500 in W= 1.6010 1in An= 0.0000
Pmaxs= 200.0 1bs Pmins= 20.0 1lbs
R= 0.10 Frequency= 0.00 hz.
Test Temperature= 75 F Environment= Lab Air
T CYZLES Ameas Areg MZC Dei%a K da SN
1 0.90 0.46CC
2 86 .0C C.4802
3168 00 T SCO0
4 125 00 C.S200 C.SISE O 938397 3 44  SITIE-Lf
S 8.0 7S 1.1400 1 I67] C 957743 14.43 . 1305E-0S
6 8.1.35 1590 5.178% C.994541 15.08  i3BBE-OF
7 B13.45 1610 1.1877 0.$96.50 :5.60 .20§4E-01
8 814.45 1.2020 1.2080 0.3879!2 1€.6l1 .3356E-04
9 814 95 1.2220 1.2253 0.984C09 18.17 .47TBI1E-04
10 815.35 1.2400 1.2456 0.97752% 19.86 .7288E-04
11 815 65 1.26:0
12 8:5.79 1.28C0
13 8.!5 88 1.3000
* - DATA VICLATES SIZE REJUIREMENTS
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TABLE H29

Air Force Fatigue Crack Growth Rate Data
Associated with Figure H7

Seven Point Incremental Polynomial Method per ASTM E647

09-20-1991
Specimen Number: ST17 Specimen Type: CT
B= 0.2511 in W= 1.6025 in An= 0.0000
Pmax= 126 .0 1lbs Pmin= 12.0 1lbs
R= 0.10 Frequency= 30 hz.
Test Temperature= 72 F Environment= LAB AIR
PT CYCLES Ameas Areg MCC Delta K dasdN
(x1000) (in .}
1 S5!8.55 0.8792
2 %21.68 0.8893
3 524.75 0.8997
4 %28 8% 0.9007 0.9130 0.991000 4.38 .4054E-05
5 £20.83 0.9199 0.9182 0.988561 4.42 .3927E-05
6 532 .30 0. 930! O 9285 0.988817 4.53 .40B7E-05
7 %34.82 0.9403 0.9398 0.990720 4.65 .4379E-05
8 S37.79 0.9%06 0.9516 0 997650 4.78 .4145E-05
O 540 11 0.9608 0.9620 0.995003 4.60 .3044E-05
10 S41.86 0.9710 0. 9689 0.994538 4.99 3979E-05
11 %44 .73 0.9810 0.9799 0.685613 5. 13  4153E-05
12 548.20 0.6911 0©0.9641 0.971217 5.32 .5418E-05
13 %50.23 1.0013 1.0044 0.980355 5.46 .6273E-05
14 551.38 1. 0116 1.0116 0.978072 5.7  6STSE-0S5
15 %51.66 1 0218 1.0173 0 987553 5.65 .7158E-05
16 554 18 1.0319 1.0333 0.987312 5.61 . 7TI35E-05
17 555 55 1.0421 1.0415 0 900771 6.04 . TLISE-05
18 557 23 1 0523 1.0532 0 896030 6.25  T7S0E-0S
lg S58 32 | 0625 1.0628 O 996164 6 43 . 7785E-05
20 S%9 S1 1. 0730 1. 0723 0.906383 6.61  TES54E-0S
21 560 63 1 0831 1 0813 O 984736 6 79 . B824E-0F
22 562 28 1 0832 | 0954 0 980128 7. i0 .1107E-04
23 563 38 1 1035 1 1076 O 988254 7 38  1500E-04
24 563 86 1 1160 1 1143 0 990876 7 S4 £58E-04
25 564 43 1 1261 1 1251 O 990543 7 82 1681E-04
26 564 96 1 1368 1 1362 O 997117 8 12  18I8E-04
27 565 BE 1 1474 1. 1476 0 998815 8 €4 1746E-04
28 566 37 1 1534 1 1593 0 998025 8 80  1666E-04
29 S66 86 1 1690 1.1682 O 96130 9.09 . 1989E-04
30 S67 44 11792
3: 567 83 1.1898
32 568 .29 1 2000
» - DATA VIOLATES SIZE REQUIREMENTS
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TABLE H30

MCAIR Fatigue Crack Growth Rate Data
Associated with Figure H7

Seven Point Incremental Polynomial Method per ASTM EG647

06-03-1991
Specimen Number: 36 Specimen Type: CT
B= 0.2500 in W= 1.6000 in An= 0.0000
Pmax= 200.0 lbs Pmins= 66.0 lbs
R= 0.33 Frequency= 0.00 hz.
Test Temperatures= 75 F Environment= Lab Air
PT CYCLES Ameas Areg MCT Jelta X cda 4N
1 i081.00 ©.7490
2 1114.00 ©.771
3 1144.00 ©.79:0
4 1171.00 0.80S0 ©0.8099 0. 998932 4. :7  783IE-06
5 1196.00 0.8290 0.8298 C.699650  4.34 .8907I-06
6 1218.00 0.8500 0.8499 ©.99969C 4.52 .93EIE-0€
7 1237 .00 0.8700 0.8€39 0.999987 4.7, 1104E-0S
8 1254.50 0.890C 0.8899 ©.9597€3 4.3 . I2I2E-0F
9 1271.5C ©0.9110 ©0.911C ©.998811 5.16 .1369E-05
10 1285.50 0.9300 0.9308 0.999192 5.40 . 1592E-05
11 1298.00 0.9500 0.9512 0.999568 5.66  IB34E-05
12 1308.00 ©0.9710 0.9699 0.999617 5.93 .2ICCE-05
13 1317.50 0.9900 0.8907 0.999309 6.25 .2433E-05
14 1325.50 1.0100 1.0108 0.999!31 6.59 .2808BE-05
15 1332.00 1.0290 1.0290 0.999680 6.83 .3243E-05
16 1338 00 1.0490 1.0493 0.990523 7.33 .3776E-05
17 1343.50 1.0700 1.0707 0.999€00 7.8]1 .4417E-05
18 1348.00 1.0910 1.0912 0.999170 8 32 .S21SE-05
19 1351.60 1.1100 1.1104 0.999589 8.85 .5955E-05
20 1355.10 1.1310 1.1321 0.999409 ©.51 .6941E-05
21 1357.60 1.1510 1.14%7 0.999156 10 .12 .7941E-05
22 1360.35 1.1710 1.1725 0.997120 10.99 .9717E-05
23 1362.35 1.1910 1.1922 0.991305 11.86 .1244E-04
24 1364.10 1.2110 1.2152 0.986587 13.01 .17S0E-04
25 1365.35 1.2320 1.2394 0.978051 14.43 .2726E-04
26 1365.90 1.2500 1.2542 0.980551 1S 43  4027E-04
27 1366.40 1.2690 1.2761 0.973908 17.12 .6372E-04
28 1366.74 1.2920
29 1366.91 1.3100
310 1366.98 1.3300
« - DATA VIOLATES SIZE REQUIREMENTS
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Figure H8 FALSTAFF Spectrum TFatigue Crack Growth Rate Data for
AL905XL Forging (L-S Orientation, Maximum Stress = 20 KSI,

Lab Air and Room Temperature). Air Force,.
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TABLE H31

FALSTAFF Spectrum Fatigue Crack Growth
Rate Data Associated with Figure H8

MATERIAL : ALSOSXL SPECIMEN 1D : AXLLS23
FORM : FORGING DATE : 24 JAN 9@
ORIENTATION : L-S

TEST CONDITION : LAB AIR ROOM TEMP WIDTH, W = 3.506 INCHES
TYPE SPECTRUM :  FALSTAFF THICK, B = ©.250 INCHES

MAX SPECTRUM STRESS = 20,0 KSI

POINT CRACK (2a) TOTAL K-MAX Da/dF
t ( INCHES) FLIGHTS KSI SQR(IN) 10°-6 IN/FLT
! 0.547 200
2 0.581 400
19.87 122.509
3 0.630 600
20.73 125.00
4 0.680 800
21.589 125.00
5 0.730 1200
22.50 147.50
6 0.789 1200
23.43 135.00
7 0.843 1420
24.50 195,00
B 2.92! 1600
25.7 177.50
9 0.992 1800
26.87 185.00
10 1.066 2000
28.03 175.00
I 1.136 2200
29.2! 192.50
12 1.213 2400
30.M 265.00
13 1.319 2600
32.5 212.50
14 1.404 2800
33.68 187.50
15 1.478 3000
35.75 197.50
16 1.637 3400
39.97 351.25
17 1.918 3800
44.37 307.50
18 2.041 4000
46.93 217.59
19 2.128 4200 .
49.85 327.50
20 2.258 4400
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Figure H9 Mini-TWIST Spectrum Fatigue (rack Growth Rate Data for

ATL.905XL Forging (1.-S Orientation, Maximum Stress = 16,9 KSI,
Lab Air and Room Temperature). Air Force,
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Mini-TWIST S

Rate Data

MATERIAL :

FORM :

ORIENTATION :

TEST CONDITION :
TYPE SPECTRUM :
SPECIMEN ID : NO
DATE : 22
WIDTH, W = 3,505
THICK, B = 0.252

MAX SPECTRUM STRE

TABLE H32

pectrum Fatigue Crack Growth
Associated with Figure H9

ALIOSXL

FORGING

L-S

LAB AIR ROOM TEMP
MINITWIST

1
JAN 90

INCHES
INCHES

SS = 16.9 KSI

e - ——— - — = = - - -~ —— - W - - - - -

Da/dF
10°-6 IN/FLT

POINT CRACK (2
| ( INCHES

] 2.5083

3 0.705

3 1.1158

4 2.340

a TOTAL K-MAX
) FLIGHTS KSI SQRCIN)
1
4000
21.089
8000
32.92
12000

51.2%

153.13

o e - . - A - - T . S - - ——— -




TABLE H33

STRESS CORROSION PROPERTIES
FOR AL905XL FORGING
WYMAN GORDON

ASTM G47
Specimen Size: .125" dia. x 1.80" long
Tested at Dirats Laboratories

No. of Days“

SIN Qrientation Location Applied Load (ksi) 1o Failure
31 S rail 30 Passed
32 S rail 30 Passed
33 S rib 30 Passed
34 S rail 40 Passed
35 S rail 40 Passed
36 S rib 40 Passed
39*** S rail 50 Passed
40 S rail 55 Passed

£ 4]

Minimum 30 days by alternate immersion in 3.5% NacCl.

*** Specimens actually ran 50 days and then was terminated.
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